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he introduction of shunting  pro- 
cedures by Whipple?* and by Blakemore 
and Lord? in 1945 for the management of 
bleeding esophageal varices due to portal 
hypertension provided an important stim- 
ulus for a new approach to the treatment 
of the life-threatening complications of cir- 
rhosis of the liver. Although the effectiveness 
of shunting procedures has not remained 
unchallenged,’® the over-all reaction after 
over 10 years of clinical trial has been 
favorable." * 7 § 

Several illuminating and complex con- 
cepts have crystallized in the interpretation 
of the pathologic anatomy of alcoholic cir- 
rhosis. The altered hemodynamics of the 
cirrhotic liver is characterized by portal 
hypertension, is clinically manifested by 
bleeding esophageal varices, and, in addi- 
tion, probably accounts for ascites forma- 
tion. Indeed, aside from the factors of 
plasma protein osmotic pressure and sodium 
retention, the surgical problems in the man- 
agement of hemorrhage and ascites may be 
one and the same. It is suspected that 
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of massive hemorrhage 


from esophageal varices 


hemorrhage and ascites cannot be divorced 
one from the other in the consideration of 
mechanical treatment. In cirrhosis with 
ascites the experimentally and _ clinically 
demonstrated mechanisms of hepatic ar- 
tery—portal vein arteriovenous communica- 
tions and hypertension therein,® the obstruc- 
tion and actual reduction in intrahepatic 
venous (hepati> vein bed) outflow,'* * and 
the likelihood of bidirectional portal vein 
flow’' are concepts which are more than 
theoretical in our interpretation of the 
surgical problems involved in _portacaval 
shunts. When otherwise reasonable it ap- 
pears preferable to construct a side-to-side 
shunt to obviate any further increase in 
pressure in an obstructed intrahepatic portal 
system with perhaps even a greater eleva- 
tion in the already increased postsinusoidal 
pressure.” Thus, hepatic subcapsular and 
periportal lymphorrhea contributing to post- 
operative ascites in the presence of a ligated 
proximal portal vein would be discouraged.** 
Another conceivable advantage of the side- 
to-side shunt with the portal blood not com- 
pletely diverted from the liver is that some 
conversion of ammonia to urea may occur 
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in such a liver, even though the latter is 
severely damaged. Therefore, it is possible 
that there is a reduced tendency to post- 
operative ammonia intoxication. 

At operation the side-to-side portacaval 
shunt or a double shunt implantation of the 
divided portal vein,’* preferable for decom- 
pressing the intrahepatic as well as the 
splanchnic bed, may present technical diffi- 
culties in performance. The increased risk 
involved in the added maneuvers of resect- 
ing the caudate lobe of the liver and of 
splitting the head of the pancreas’ ** or in 
the insertion a vein graft*® may prompt the 
surgeon to use a conventional Eck fistula in 
the “poor-risk” patient, although such a 
procedure is theoretically less desirable. 

In addition to considerations of technique, 
more recently we have been faced with the 
important factor of timing in the perform- 
ance of a portacaval shunt for massive 
hemorrhage from esophageal varices. It is 
fully realized that the initial hemorrhage in 
the cirrhotic patient with esophageal varices 
from portal hypertension frequently is 
lethal. In a statistical review of a large series 
of cirrhotic patients who were not operated 
upon, Cohn and Blaisdell* reported that 74 
per cent of those entering the hospital for 
massive hemorrhage died after the first 
hemorrhage and that among the patients 
with cirrhosis who died of gastrointestinal 
hemorrhage, 86 per cent did so during the 
first bleeding episode. Nachlas and associ- 
ates'’ reported that in their series of patients 
with cirrhosis the mortality rate for patients 
with an initial hemorrhage was 60 per cent. 

Generally, in patients with varices who 
have bled severely, it has been customary 
to avoid any attempt at operative inter- 
vention in the presence of certain ominous 
criteria elicited by “liver profile” studies. 
These criteria, originally elaborated by 
Blakemore, have been modified to a minor 
degree by others® and have included as 
indications of hepatic intolerance to opera- 
tion a serum albumin concentration of less 
than 3.0 Gm. per 100 ml., a prothrombin 
time of less than 60 per cent of normal, a 
scrum bilirubin level of more than 4.0 mg. 
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per cent, a Bromsulphalein retention of over 
30 per cent, and a blood ammonia level of 
over 100 y per cent. In regard to the 
prospect of performing a shunt operation 
for exsanguinating hemorrhage, it has been 
the practice to defer such intervention until 
an interval phase occurs clinically, at which 
time the damaging anoxic effects of the 
exsanguinating hemorrhage on the cirrhotic 
liver have been overcome by restorative 
medical therapy designed to fortify the 
failing liver. Three months has been quoted 
as the minimal period necessary for such a 
liver to recover from a severe hemorrhage, 
because of the rapid deterioration in paren- 
chymatous function incident to hemor- 
rhage.’ Complete reliance upon the results 
of “liver profile” laboratory studies is per- 
haps misleading. Shunts have been per- 
formed successfully upon patients in whom 
the results of preoperative laboratory studies 
indicated an almost hopeless prognosis. In 
other, admittedly fewer, instances, the pa- 
tient with encouraging liver test results has 
exhibited an actual slim margin of hepatic 
reserve by passing rapidly and irreversibly 
into the postshunt coma of hepatic decom- 
pensation. Thus we have been led to suspect 
that in regard to liver reserve, the clinical 
manifestations of liver failure singularly or 
in combination (jaundice, hemorrhage, as- 
cites, and/or coma), are, within limits, the 
more dependable means of estimating surgi- 
cal risk. 

The emergency management of bleeding 
esophageal varices in the cirrhotic patient 
in most clinics basically involves the prin- 
ciple of balloon tamponade by means of a 
device of the Blakemore-Sengstaken type 
with adequate pressure control. Generally, 
this will be successful in controlling the 
hemorrhage while vigorous supportive meas- 
ures are instituted. Nevertheless, the pres- 
sure balloon is itself a traumatizing agent 
on the respiratory tract and esophageal 
mucosa. One might be very hesitant to main- 
tain the pressure above 40 mm. Hg for 
more than 48 hours because of the danger 
of esophageal erosion. The compression bal- 
loon may be a treacherous device in un- 
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trained hands. The patient must be kept 
under sharp vigilance with constant nursing 
care. In addition to the erosion dangers, the 
occurrence of aspiration pneumonitis is a 
constant peril. 

Transesophageal ligation of bleeding mu- 
cosal varices on an emergency basis for the 
patient with exsanguinating hemorrhage has 
had some popularity.*: *° However, this is 
an indirect attack involving almost the same 
operative risk as the portacaval shunt itself. 
If successful in controlling the hemorrhage 
by transesophageal ligation of varices, the 
surgeon is still left with a very ill patient 
with a failing liver in whom a definitive 
shunt is yet to be constructed. Moreover, the 
transesophageal ligation of varices is ill- 
advised after prolonged use of the intra- 
esophageal balloon because of the danger 
of impaired healing of the incision in the 
esophageal wall in such instances. 

Because of the high mortality rate asso- 
ciated with the first massive hemorrhage in 
the cirrhotic patient, and because of dis- 
satisfaction attendant upon present methods 
of control of the acute hemorrhage, we have 
been led to initiate a trial of portacaval 
shunt construction early in the management 
of massive hemorrhage from esophageal 
varices in certain selected cases. By early 
portacaval shunt, we imply operation per- 
formed shortly after a patient is hospitalized 
for severe hemorrhage with or without ante- 
cedant use of the compression balloon, or 
operation performed because of inability to 
control the single hemorrhage with a bal- 
loon, or operation performed because of 
resumption of bleeding during the same 
hospitalization after control of the hemor- 
rhage for which the patient was admitted. 
The time interval from the onset of the 
single hemorrhage to operation has varied 
from 3 to 18 days. There has been a tend- 
ency, however, to construct the portacaval 
shunt at an earlier time in the more recent 
cases in order to perform operation prior 
to the time when serious hepatic insuf- 
ficiency results from the bleeding. 

In Table I our experiences with 13 cases 
of severe hemorrhage from esophageal vari- 
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ces managed by early portacaval shunt a) 
analyzed. In all patients cirrhosis of | 
liver was the underlying pathologic cond 
tion and in every patient there was a lon 
and continued history of alcoholism. Ni: 
of the 13 patients were women. The ag 
varied from 38 to 68 years. 

Seven of the 13 patients had bled sig- 
nificantly before hospitalization for the cur- 
rent massive hemorrhage. One patient had 
been operated on 3 months before, with 
transesophageal ligations of varices carried 
out without sustained effect. On another pa- 
tient a splenorenal shunt had been per- 
formed 9 months before and this was in- 
effective in preventing recurrence of severe 
hemorrhages, probably due to thrombosis of 
the anastomosis. 

An estimate of clinical risk related to liver 
tolerance for shunt operations was made 
arbitrarily in these patients. Three mani- 
festations of severe liver failure were evalu- 
ated, namely jaundice, ascites, and en- 
cephalopathy. If, in addition to the hemor- 
rhage, one or more of these ominous clinical 
features were exhibited by the patient, the 
patient was regarded as having a “poor” 
clinical risk. Four patients were visibly 
jaundiced, 9 patients had ascites, and 2 
patients exhibited varying degrees of en- 
cephalopathy. Thus, only 4 were estimated 
to have “good” clinical risks on the basis of 
the criteria mentioned. Nine were cate- 
gorized as having “poor” risks clinically. 

With regard to surgical risk in the sense 
of very poor hepatic function as reflected 
by the results of liver tests, again an arbi- 
trary formula was selected. The patient was 
estimated as having a poor shunt risk from 
a liver function standpoint if 3 or more liver 
laboratory values were grossly abnormal. 
Thus, in this sense, only 1 patient was con- 
sidered to have a “good” risk in terms of 
liver chemistry studies and the remaining 
12 were considered to have “poor” risks. 

Exploratory operation was performed on 
8 patients through a thoracoabdominal in- 
cision. In one of these patients the pleura 
was not entered. Five patients were operated 
on through the abdomen. On 2 patients a 
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side-to-side shunt was performed and on 
the remaining 11 an end-to-side shunt was 
constructed after proximal division of the 
portal vein. Postoperatively, it is significant 
that none of the patients exhibited any 
further bleeding from esophageal varices. 
One bled from an acute peptic ulcer. It 
should be added that, in the survivors to 
date, there has been no further hemorrhage. 

Troublesome ascites occurred in 6 patients 
postoperatively. In all 6 of these patients, 
ascites had been present on admission to 
the hospital. Deepening jaundice occurred 
postoperatively in 4 patients. In the 2 of 
these who survived, the jaundice was transi- 
tory and cleared up. Encephalopathy of a 
severe degree was exhibited by 4 patients, 
3 of whom died postoperatively. The other 
died of liver failure after readmission 4 
months after the shunt operation. Encepha- 
lopathy was indeed an ominous postoper- 
ative manifestation. 

Three patients died. One patient who 
died on the sixth postoperative day had 
been in a coma after the operation. Pul- 
monary edema and aspiration pneumonia 
developed, and finally a positive blood cul- 
ture of hemolytic Staphylococcus aureus 
was demonstrated. A second patient died 
on the third day in shock, after postopera- 
tive anuria and liberal bile-ascitic fluid 
drainage from the incision. The third had 
undergone reoperation for wound dehiscence 
after an attempted reinsertion of the tube 
for bleeding on the sixth postoperative day. 
On the twelfth day a gastric resection was 
performed for uncontrolled hemorrhage 
from an acute duodenal ulcer and the pa- 
tient died of coma, generalized bleeding, 
and peritonitis on the eighteenth day after 
the original operation. 

Ten patients recovered and left the hos- 
pital. Generally, the follow-up on the ma- 
jority of these survivors has been punctuated 
by difficulties, but none of the patients bled. 
One patient died rather abruptly of acute 
pulmonary infection 2 months after opera- 
tion. It is possible that this loss was attribu- 
table to the operation, for at autopsy an 
undrained loculation of ascitic fluid was 
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found in the left hemithorax. Another shunt 
patient committed suicide within a year. 
Endoaneurysmorrhaphy of a mycotic ar- 
teriosclerotic aneurysm of the femoral artery 
was performed 2 months postoperatively on 
an additional patient, who also presented a 
nutritional problem with transient episodes 
suggestive of ammonia intoxication. 

Eight months after operation one patient 
was readmitted with mild ammonia intoxi- 
cation, but made a rapid recovery under the 
usual methods of management.'* Another 
patient was readmitted 6 weeks after opera- 
tion with homologous serum jaundice from 
which she recovered completely. One of the 
patients, who had originally signed out of 
the .ospital against advice 6 weeks post- 
operatively, was readmitted 12 weeks after 
operation with serum hepatitis which pro- 
gressed to coma and death 4 months after 
the shunt operation. Another patient died 
of liver failure after resuming a high alco- 
hol intake. 

In the 24 cases documented by Wantz and 
Payne*®® in which emergency portacaval 
shunts were performed, 13 patients survived 
operation. None of the 7 “good-risk” pa- 
tients was lost, whereas 64.7 per cent of the 
patients with little hepatic reserve died. 

In summary, it is suggested that 3 cate- 
gories of alcoholic cirrhotic patients may be 
considered candidates for early portacaval 
shunts for massive hemorrhage from varices: 
(1) patients previously in reasonably good 
health and on whom data is available which 
indicates that liver function was satisfactory 
prior to the onset of hemorrhage, (2) the 
group of patients in whom hemorrhage has 
been controlled but who resume bleeding 
while under hospital treatment for the 
original hemorrhage, and (3) patients with 
whom there is serious difficulty in the man- 
agement of tube compression control or in 
whom there is reason to suspect uncontrolled 
hemorrhage from gastric varices. However, 
it seems unwise to attempt portacaval shunt 
on the patient in whom severe hemorrhage 
is an expression of progressive liver de- 
terioration and who is deeply jaundiced or 
comatose. These are preterminal patients 
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who generally die under any present method 
of management. 


CONCLUSION 


In spite of the reported satisfaction of 
some surgeons with the use of balloon tam- 
ponade in the control of massive hemor- 
rhage from esophageal varices, others, in- 
cluding ourselves, have been disappointed in 
the ability to manage adequately the entire 
bleeding episode by this means. A direct 
surgical attack on the varices in the esopha- 
gus has its own limitations and disad- 
vantages, especially if preceded by the em- 
ployment of an _ intraesophageal balloon. 
Therefore, the place of early or semiemer- 
gency portacaval shunt as definitive treat- 
ment of the cirrhotic patients with acute 
hemorrhage from esophageal varices de- 
serves consideration. 

Our experience with 13 patients in whom 
early portacaval shunt was carried out is 
detailed and an analysis of the data ob- 
tained is presented. Careful selection of pa- 
tients is mandatory and the operation should 
be undertaken before the bleeding has been 
so massive and protracted that severe hepatic 
insufficiency has already occurred. 

We appreciate the valued advice of Drs. Wil- 
liam Ejisenmenger and Joseph Post concerning 
the management of many of these patients. 
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issue injury, hypothermia, and the 
intravenous administration of high viscosity 
dextran induce intravascular aggregation of 
blood cells and stasis of cells predominantly 
in the postcapillary venules.* Anemia and 
tissue damage, such as central necrosis of 
the liver and tubular necrosis of the kidney, 
follow the changes in microcirculatory flow 
patterns.” * In the in situ perfused hind 
limb, high molecular weight, high viscosity 
dextran decreases the flow rate of blood 
without any reduction of arterial blood pres- 
sure. Dextran of low viscosity, by contrast, 
increases the flow rate and at the same time 
diminishes the stasis and aggregation of cells 
of the peripheral circulation.? 

The neural control of the hepatic circu- 
lation has been convincingly demonstrated 
by Bayliss and Starling* who, in 1894, 
reported the occurrence of increased por- 
tal vein pressure after sympathetic nerve 
stimulation. Schmid’® and Burton-Opitz® 
measured an increase in both portal vein 
pressure and portal flow after sympathetic 
nerve stimulation as well as after epi- 
nephrine administration. Other investiga- 
tors® % 1%, 11, 13,14 have demonstrated con- 
striction of the portal tree upon stimulation 
of the sympathetic and hepatic nerves and 
with the administration of catecholamines. 
Andrews and Maegraith' have shown con- 
striction of the inflow (portal venous) and 
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alterations induced by 
dextran of high and 


low viscosity 


outflow (hepatic venous) systems in the 
isolated perfused canine liver after epineph- 
rine and norepinephrine administration. 

The influences of epinephrine, norepineph- 
rine, glucagon, insulin, and hemorrhage on 
the hepatic blood flow have been measured 
in the unanesthetized dog.’” 1°?! There are, 
however, no studies reported on the in- 
fluence of alterations in viscosity and in- 
travascular aggregation of blood cells on the 
hepatic blood flow. The present study was 
undertaken to investigate the microcircula- 
tory changes in the liver induced by dextran 
of high and low viscosity and to compare 
these with hepatic hemodynamic events in 
a perfusion system in which neural and 
hormonal influences are eliminated or con- 
trolled. 


METHODS AND MATERIALS 


Hepatic blood flow and pressure were 
measured in the perfused liver of mongrel 
dogs which weighed 9 to 14 kilograms. 
After the intravenous administration of light 
pentothal sodium anesthesia, perfusion of 
the denervated liver with heparinized whole 
blood was carried out by means of an extra- 
corporeal pump-oxygenator’® and an in situ 
hepatic perfusion method.'* Constant inflow 
pressure was maintained by a reservoir at a 
measured height above the portal vein. Blood 
flow through the liver was directly measured 
by means of a graduated cylinder and 
chronometer. After 6 to 12 measurements 
obtained in a control period of 20 to 45 
minutes were found to be relatively stable, 1 
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Fig. 1. Effect of high and low viscosity dextran 
on perfusion flow rate with constant perfusion 
pressure. 


Gm. of high viscosity, high molecular weight 
dextran per 100 ml. of perfusate (intrinsic 
viscosity, 7, = 0.67, mean molecular weight 
= 1,000,000) as a 6 per cent solution in 
saline was introduced into the inflow reser- 
voir of the perfusion system. Flow measure- 
ments were continued at intervals of 1 to 5 
minutes. Sudden, appreciable changes in 
flow which occurred between these measure- 
ments were readily apparent through changes 
in the reservoir volumes. When it became 
obvious that the preparation was deteriorat- 
ing and the flow values had dropped to 
about 50 per cent of the control values, 2 
Gm. of low viscosity, low molecular weight 
dextran* per 100 ml. perfusate (intrinsic 
viscosity, 7, = 0.16, mean molecular weight 
40,000) as a 6 per cent solution was intro- 
duced into the inflow reservoir. Gross ob- 
servations on the color of the liver, blunting 
of the liver edges, and swelling of the liver 
lobes were also made. A second type of 
experiment was performed in which constant 


*Supplied by AB Pharmacia, Uppsula, Sweden. 
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Fig. 2. Effect of high viscosity dextran on per- 
fusion pressure with constant flow rate. 


blood flow was maintained by pumping the 
blood directly into the ‘inflow catheter with- 
out passing it through the intervening inflow 
reservoir. The inflow pressure was measured 
as a function of time before and after ad- 
ministration of the experimental variable. 

The microcirculation of the liver was 
studied in 10 rabbits which weighed 1.8 to 
2.5 kilograms. Pentothal sodium anesthesia 
and the transillumination technique elab- 
orated by Knisely’* were employed. The 
flow of red blood cells and plasma in the 
liver lobules was then observed after in- 
fusion of 1 Gm. of high viscosity dextran 
per kilogram and subsequent infusion of 2 
Gm. of low viscosity dextran per kilogram. 
The observations were made and cinemato- 
graphically recorded. 


RESULTS 


Observations on hepatic blood flow and 
pressure. The effect of the addition of high 
viscosity dextran to the perfused canine liver 
preparation is illustrated in Fig. 1. The data 
of the series are summarized in Tables I 
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and II. At constant inflow pressure there was 
a marked reduction in the perfusion flow 
rate. The mean perfusion flow rate de- 
creased to approximately 50 per cent of con- 
trol values 18 to 25 minutes after the addi- 
tion high viscosity dextran. Coincident with 
these changes, a clearly visible swelling of 
the hepatic lobes occurred together with 
blunting of the liver edges. The liver became 
dark, swollen, and turgid, and resembled the 
“blue liver” described by Andrews.’ 

When the liver was perfused at a constant 
rate, with the inflow pressure being measured, 
there was marked increase in the pressure 
after the administration of high viscosity 
dextran (Fig. 2). With increasing inflow 
pressure the deterioration of the preparation 
progressed rapidly. 

After these hemodynamic changes had 
been clearly demonstrated, low viscosity 
dextran was similarly added to the inflow 
reservoir and the observations continued. In 
2 instances a striking return of flow occurred. 
In the 2 other instances, there was an in- 
creased perfusion flow rate, but it did not 
reach the initial rates (Fig. 1). The hepatic 
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swelling also decreased, the edges of the lobes 
became less blunt, and the color appeared to 
improve after the addition of low viscosity 
dextran. The effect of low viscosity dextran 
added to the perfusion system which had not 
yet reached a marked state of deterioration is 
illustrated in Fig. 3. An additional 6 Gm. of 
low viscosity dextran resulted in a prompt 
increase in blood flow through the perfused 
liver. The addition of the same amount of 
low viscosity dextran to an “ideal” perfusion, 
that is, before signs of hepatic engorgement 
or circulatory failure began, was found to 
produce no significant change in perfusion 
flow rate. 

Observations on the microcirculation. Flow 
of blood through the _ microcirculatory 
system of the rabbit liver was regularly 
found to occur without aggregation of cells. 
Temporary stasis of blood in the sinusoids, 
however, could be readily recognized by 
continued observation. After the infusion of 
high viscosity dextran, aggregation of blood 
cells and a clearly evident decrease in flow 
rate were regularly found. The aggregated 
cells first showed a marked tendency to long- 


Table I. Effect of high viscosity dextran on perfusion flow rate 





Control period 


After administration of high viscosity dextran 














Standard Flow at | Time at nadir 
No. of Flow error nadir | (min. after % control 

determinations (ml./min.) (ml./min.) (ml./min.) | administration) flow 

] 5 154 1.6 68 21 44 

2 13 131 1.8 62 18 47 

3 11 118 3.4 72 18 61 

+ + 179 5.6 82 25 46 
Mean 146 | 72 20 49.5 





Table II. Effect of low viscosity dextran on perfusion flow rate 








Initial flow* Maximum response Increase % initial 

(ml./min.) after administration (ml./min.) flow 

1 68 98 30¢ 144 

2 62 88 26 142 
3 72 104 32 145 
4 82 168 85 205 
5 50 86 36 172 
6 80 120 40 150 
Mean 69 111 42 160 





Flow values after the addition of high viscosity dextran. 


‘Temporary effect only. 
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Fig. 3. Effect of low viscosity dextran on per- 

fusion flow rate. 


standing stasis within the sinusoids. A 
marked decrease in the cell content of the 
blood flowing in the central venules was also 
observed. These observations are illustrated 
in Fig. 4, an exposure from the cinemato- 
graphic film. With continued administration 
of high viscosity dextran the sinusoids be- 
came totally blocked by aggregated cells. 
Flow through the central venules consisted 
mainly of plasma with relatively few ag- 
gregated cell masses. By this time the liver 
had become swollen and its color had 
deepened. 

After the addition of low viscosity dextran 
the flow rate increased and the aggregated 
cells in the sinusoids came back into the 
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circulation. A more even distribution of ce'|'s 
in the central venules was then observed 
(Fig. 5). However, addition of low viscosiiy 
dextran failed to improve the microcircula- 
tory defect when it had deteriorated to the 
point at which most sinusoids were cor- 
pletely blocked and the liver had become 
congested, blue, and engorged. Moreover, 
addition of low viscosity dextran did not 
significantly influence the microcirculation 
of the liver when flow had been normal prior 
to the infusion. 


DISCUSSION 

The denervated, in situ perfused canine 
liver provides a preparation for the evalu- 
ation of the influence of a specific experi- 
mental variable on hepatic hemodynamics. 
The results of the present study indicate that 
acute hepatic engorgement may be promptly 
and reproducibly induced by high viscosity 
dextran. Viscosity alterations related to the 
added dextran have been found to affect the 
suspension stability of the blood with intra- 
vascular aggregation and stasis of red blood 
cells. The findings presented in this study 
are consistent with the hypothesis that an 
increased plasma viscosity after the admin- 
istration of high viscosity dextran initiates a 
decreased flow of blood through the liver. 





Fig. 4. Photomicrograph of  transilluminated 
rabbit liver after administration of high viscosity 
dextran shows aggregation of cells in the sinusoids. 
Central venules at lower right contain mostly 
plasma with few cellular elements. 


Fig. 5. Photomicrograph of the same _ trans- 
illuminated rabbit liver as in Fig. 4 after the addi- 
tion of low viscosity dextran. The sinusoids and 
central vein have returned toward a relatively 


normal appearance. 
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The decreased flow rate, per se, contributes 
to a further increase in viscosity which in 
turn tends to aggravate the failing of the 
circulation by causing pooling of blood cells 
in the liver sinusoids. This pooling is inter- 
preted as being a consequence of a separa- 
tion of aggregated cells from the plasma. 
That such a mechanism may be operative in 
the production of hepatic congestion in shock 
is a plausible and appealing supposition. 


SUMMARY 


The addition of high viscosity dextran to 
the denervated, in situ perfused canine liver, 
after a suitable control period, is associated 
with a prompt decrease in the perfusion flow 
rate when inflow pressures are constant or 
with an increased inflow pressure when a 
constant flow rate is maintained. Concomi- 
tantly, grossly visible swelling of the liver, 
blunting of the liver edges, turgidity of the 
liver substance, and darkening of the color 
of the liver occur. These changes may be 
reversed with the addition of a low viscosity 
dextran provided that they have not 
progressed too far. There is a critical point 
of circulatory deterioration beyond which 
the correction of the viscosity alteration will 
not restore control pressure and flow re- 
lations. 

Microcirculatory alterations consisting of 
aggregation of red blood cells and stasis were 
observed to occur first in the hepatic 
sinusoids and later in the central hepatic 
venule of the rabbit after high viscosity 
dextran administration. These changes were 
reversed by the administration of low vis- 
cosity dextran. 
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xtrabiliary gall-bladder calculi have 
been reported to occur in many locations. 
Gallstone ileus with calculi lodged in all 
segments of the small bowel and in the colon 
is a relatively common condition. More 
rarely encountered are ectopic gallstones in 
the stomach, duodenal bulb, gall-bladder 
wall, peritoneal cavity, lesser peritoneal sac, 
abdominal wall, renal pelvis, urinary blad- 
der, pleural cavity, bronchi, ovarian cysts, 
and in the gravid uterus.* * '" '° 
Intragastric gallstones are 
especially when demonstrated 
graphically. Beaussier, in 1770, described the 
first recorded case of gallstones ulcerating 
into the stomach.'® Braxton and Jacobson* 
reported 1 case and reviewed 2 cases of in- 
tragastric gallstones. Defeo and Meigher* 
and Afflerbaugh' each presented 1 roent- 
genographically demonstrated case. 


uncommon, 
roentgeno- 


Intramural, intragastric gallstones have 
been radiographically demonstrated in a sin- 
gle case reported by Konuralp in 1951.’ 
Fontaine and his colleagues® presented 2 
cases of intramural gastric gallstones. Ro- 
dart® described intramural gastric gallstones 
demonstrated surgically. 

Intragastric gallstones are caused by the 
penetration of a gallstone through the wall 
of the gall bladder or common duct and 
subsequent migration of the stone into the 


stomach in either an intramural or intra- 


luminal position. A few that are not very 


large pass through the ampulla. The _per- 
loration of the gall bladder or common bile 
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duct is preceded by cholecystitis or occa- 
sionally cholangitis and gangrene of the wall 
of the gall bladder or, uncommonly, of the 
common duct. Zatkin and his co-workers"! 
believe perforated duodenal ulcers are re- 
sponsible for most choledochoduodenal fistu- 
las, although a small number may represent 
unusual complications of stones impacted in 
the common duct. 

An inflammatory mass incorporating the 
stomach, duodenum, bile ducts, and gall 
bladder is usually formed. There is usually 
no increase and possibly some decrease in 
local symptoms when the perforation occurs. 
This is believed to be due to the prevention 
of the leakage of bile by the inflammatory 
mass.* 

A stone may migrate directly to the stom- 
ach or may be passed in retrograde fashion 
from the duodenum to reach the stomach. 
The stone may then be free in the stomach 
or may become wedged in some portion of 
it. If intramural, the stone may never reach 
the cavity of the stomach.* *® 1": 7? The symp- 
toms produced vary with the location of the 
calculus. Symptoms of intermittent pyloric 
obstruction may occur if the stone is free in 
the stomach. If the stone is wedged into the 
pylorus, complete pyloric obstruction devel- 
ops. If the calculi are intramural, obstructive 
symptoms usually do not occur. 

With obstruction, there is immediate post- 
prandial vomiting of undigested food asso- 
ciated with abdominal pain, weight loss, and 
weakness.” An epigastric mass may be pres- 
ent, especially with intramural gastric gall- 
stones. Jaundice is usually absent but a pre- 
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Fig. 1. A gastric ulcer with spontaneous internal 


biliary fistula. The contrast material outlines the 


common bile duct. Gas is faintly visible in the 
smaller biliary radicles (arrows). This illustration 
demonstrates the characteristic type of fistula which 
is encountered in cases of intragastric gallstones. 
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vious history of gall-bladder disease is usua] 
obtained. 


ROENTGENOGRAPHIC FEATURES 


The radiographic features of gastric bil 
ary calculi are closely akin to those of oth 
spontaneous internal biliary fistulas. These 
have been described by a number of au- 
thors. 3, 4, 6-8, 11 

Gas or contrast material in the biliary 
tree. In most internal biliary fistulas, the 
fistulous tract remains patent and communi- 
cation between bile ducts and viscera may 
be demonstrated by plain film examination, 
especially if the patient is examined while 
erect. Air enters the biliary tract from the 
stomach or other hollow viscera and the 
biliary tree is outlined against the homoge- 
neous liver density. When contrast material 
such as oral iodized contrast media or bar- 
ium is administered, it may flow into the 
common ducts and biliary radicles to give 





Fig. 2. Intraluminal gastric gallstones. A, Gas is present in the biliary tree. Two radiolucent 
gallstones are demonstrated in the antrum. Passage of barium is delayed at the pylorus. B, 


Lateral view. An ulcer is seen on the posterior wall of the stomach. The dilated common bile 


duct, the fistulous tract. and a small biliary duct are outlined by barium (arrows). 
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a more definitive demonstration of the fis- 
tula (Fig. 1). Occasionally the fistula is 
closed and gas or contrast material does not 
outline the biliary radicles. 

Absence or change in position of previ- 
ously demonstrated gallstones. An early clue 
to the presence of an ectopic gallstone may 
be obtained if there can be radiographic 
demonstration of the shift of a previously 
demonstrated gallstone in the gall bladder 
or bile duct into another location, such as 
the stomach or small bowel. 

Pyloric obstruction. The radiographic fea- 
tures of gallstone obstruction of the pylorus 
are the same as those from other causes. 
The stomach is seen to be dilated and usu- 
ally gas-filled on plain films. Contrast mate- 
rial may show the presence of undigested 
food. With the distention, there may be flat- 
tening of the gastric rugae and decrease in 
the peristaltic motion of the stomach. 

Demonstration of calculi in the stomach. 
If the stone or stones are intraluminal, they 
may be readily demonstrated by the inges- 
tion of contrast material. They may appear 
as polyps, but would be more mobile, possi- 
bly moving from the fundus to the antrum 
of the stomach during the examination. If 
the calculi are wedged into the pylorus, the 
appearance sometimes simulates that of a 
carcinoma or sessile polyp, except that the 
normal flexibility of the surrounding stom- 
ach is usually maintained. Frequently, mul- 
tiple stones are faceted. In such a case the 
diagnosis is obvious if the stomach is filled 
with contrast material. The stone may be 
opaque and may demonstrate lamination. 

Mass in the stomach wall. Intramural 
stones may appear as a mass in the stomach 
over which the mucosa is intact. The ap- 
pearance may simulate that of a leiomyoma, 
neurofibroma, or lipoma. Opaque gallstones 
may be easier to detect.” *:*'' Radiolucent 
stones in such a location are indistinguish- 
able from other intramural masses. 

CASE REPORTS 

Case 1. A 43-year-old woman was admitted to 
the hospital with the chief complaint of post- 


prandial nausea and vomiting of 4 months’ dura- 
tio: 
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Fig. 3. Intramural intragastric gallstones. A, 
Oblique view of the stomach. A radiolucent mass 
is noted on the greater curvature of the gastric 
antrum (arrows). The mucosa over the mass is 
intact. The biliary tract is not opacified because 
of a previous operation. B, Anteroposterior view 
of the stomach. The mass was smooth and spheri- 
cal. The gallstones within the mass are not visible. 
No mucosal distortion is seen. 


Symptoms arose gradually at first with gaseous 
distention. Then vomiting began and became 
worse over a 2-month period until there was 
vomiting after every meal. No jaundice or ab- 
dominal pain was present. In 4 months the woman 
had lost 40 pounds. 

At fluoroscopy a large amount of retained se- 
cretions was seen to be present in the stomach. 
On repeat examination the stomach was seen to 
be dilated and hypotonic. Two round radiolucent 
areas were present in the stomach, one in the 
pars media just inferior to the cardia and the 
other in the antrum. The prepyloric stomach com- 
municated with the gall bladder (Fig. 2). 

Barium was seen in the common duct, cystic 
duct, and gall bladder. The common duct was 
narrowed and there was obstruction to flow 
through the ampulla of Vater. Incidentally, a 
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gastric ulcer was found on the posterior surface 
of the stomach. 

At laparotomy 2 large gallstones were found 
within the lumen of the stomach and dense ad- 
hesions were present in the distal stomach around 
the cholecystogastric fistula. 

Case 2. The patient, a 69-year-old woman, had 
had a cholecystectomy 4 years prior to the pres- 
ent admission to the hospital for episodes of fever, 
chills, nausea, right upper quadrant pain, and 
fatty food intolerance. After celiotomy, the acute 
symptoms had subsided but aching in the right 
flank continued. In the year prior to admission, 
the patient had experienced weight loss with as- 
sociated anorexia, weakness, and fatigue. Slight 
tenderness was found in the right upper quadrant 
associated with a large, round, palpable mass just 
to the right of the midline. The liver and spleen 
were also enlarged and a clinical diagnosis of 
cancer of the stomach or transverse colon was 
made. 

Upper gastrointestinal roentgen examination 
showed the fundus of the stomach to be depressed 
by the spleen. In the gastric antrum there was 
a 4.5 cm. circular, smooth, radiolucent, intra- 
mural defect over which the mucosa was draped 
and which did not obstruct the flow of barium. 

The mass was believed to be intramural in the 
antrum and the differential diagnosis given in- 
cluded leiomyoma, neurofibroma, and_ lipoma 
(Fig. 3). 

At operation multiple, fine serosal adhesions 
between the small bowel, liver, duodenum, and 
stomach were found and severed. The gall blad- 
der was surgically absent. A soft mass was found 
on the anterior wall of the stomach near the 
pylorus in a subserosal position which contained 
5 ml. of pink, cloudy fluid and 15 cholesterol 
gallstones about 0.5 cm. in size. 

After the operation the patient recovered un- 
eventfully. 


SUMMARY 

A brief review of the reported locations 
of extrabiliary gallstones is presented along 
with a review of the literature concerning 
intragastric gallstoines. The mechanism of 
formation and clinical syndrome associated 
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with gastric gallstones are discussed. D 
tinguishing roentgenographic features a 


described for intramural and intralumin.;| 


gastric gallstones. ‘Two cases are present 


one of intraluminal gastric gallstones and 


one of the intramural type. 


REFERENCES 


1. Afflerbaugh, J. K., and Cole, H. A.: Intra- 
gastric gallstones, Radiology 64: 581-585, 


1955. 

2. Berene, J. J., Hallenbeck, G. A., and Cain, 
J. C.: Cholecystoduodenal fistula associated 
with chronic abscess in abdominal wall con- 
taining gallstones, Proc. Staff Meet. Mayo 
Clin. 28: 337-340, 1953. 

3. Braxton, M., and Jacobson, G.: Intragastric 
gallstones, Am. J. Roentgenol. 78: 631-632, 
1957. 

4. Defeo, E., and Meigher, S. C.: 

impacted in the stomach and duodenal bulb, 

demonstrated by roentgenographic examina- 

tion, Am. J. Roentgenol. 77: 40-46, 1957. 

Drucker, V., and McElvee, C. H.: Recurrent 

cholelithic intestinal obstruction, Gastroenter- 

ology 32: 927-936, 1957. 

6. Fontaine, R., Warter, P., Raber, R., Stoll, 

G., and Kieny, R.: Fistules cholecystogas- 

triques (a propos de deux observations), J. 

radiol., électrol. 34: 563-564, 1953. 

Konuralp, H. Z.: Gallstones in the stomach 

wall with symptoms of pyloric stenosis, J. 

Internat. Coll. Surgeons 16: 105-108, 1951. 

8. Rigler, L. G., Norman, C. N., and Noble, J. 
F.: Gallstone obstruction pathogenesis and 
roentgen manifestations, J. A. M. A. 117: 
1753-1759, 1941. 

9. Rodart, H.: Abnormal localization of gall- 
stones, Arch. klin. Chir. 291: 159-161, 1959. 


Gallstones 


oo 


“I 


10. Sartesche, G.: Stones of the gallbladder con- 


tained in the wall, Minerva chir. 6: 597-604, 
1959. 


11. Zatkin, H. R., Tugenhaft, R. I., and Curran, 


H. P.: Roentgen diagnosis of spontaneous 
internal biliary fistulas and gallstone ileus, 
Surg. Gynec. & Obst. 102: 234-238, 1956. 


12. Zehnder, M. A.: Unusual findings in biliary 


surgery, Am. J. Surg. 91: 49-55, 1956. 











Vy 





Control of tumor transplantation after 


EDGAR J. POTH, M.D. 
LLOYD W. JACOBSEN, M.D. 

WILMA DUNLAP, R.N. 

GALVESTON, TEXAS 

From the Department of Surgery and the Surgical 
Research Laboratory, The University of Texas 
Medical Branch 


he danger of implantation and trans- 
plantation of tumor cells at the line of re- 
section and anastomosis of the bowel in 
operations for cancer of the colon has re- 
ceived increasing attention during the past 
several years. Boerema,” in 1950, raised the 
question of whether or not the frequency 
would be increased if the lumen of the 
bowel were freed of bacteria by intestinal 
antiseptics. In 1953 Vink® carried out an 
experimental study based on this question 
and concluded that in rabbits there is evi- 
dence of a significantly increased incidence. 
Recently Cohn and Atik*® substantiated 
these experimental observations. 

Cole and his co-workers** and others" * 
have indicated that the incidence of trans- 
plantation is sufficient to justify taking pre- 
ventive measures whether intestinal anti- 
sepsis has or has not been used preopera- 
tively. It is interesting that, even though the 
resection is extensive, the critical healing 
surfaces are small in area as represented by 
the cut cross sections of the intestine at the 
line of suture. In this unique situation little 
raw tissue is exposed to transplantation of 
cells and to damage by the cancerocidal 
agent. Consequently, practically any sub- 
stance which is neither absorbed from the 
bowel nor damaging to normal intestinal 
mucosa would be acceptable if it could de- 
stroy detached viable cells. 

A series of substances, including Dakin’s 
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So 


primary anastomosis 


of the colon 


and mercuric chloride solutions, were stud- 
ied initially in tissue culture to determine 
their effect on free-floating and adherent 
individual cells. Some of the substances were 
investigated further in survival experiments 
by direct use in the bowels of animals, with 
special regard to healing at the line of anas- 
tomosis, both with and without intestinal 


antisepsis. 
STUDIES IN TISSUE CULTURE 


Intestinal epithelium in tissue culture was 
used to determine the maximum (M.I.D.) 
and least (L.I.D) inhibiting doses of modi- 
fied Dakin’s solution for both adherent and 
free-floating cells. 

Roller tubes were set up with Eagle’s 
medium containing 100,000 dispersed cells 
per milliliter. The tubes were divided into 
3 groups. One group was treated for 30 
minutes at 37° C. with modified Dakin’s 
solution or with mercuric chloride solutions 
of varying concentrations while the cells 
were in suspension. The cells were then 
washed 3 times with Gey’s balanced salt 
solution and resuspended in | ml. of Eagle’s 
medium. The tubes were left stationary in 
the incubator for 24 hours to allow the cells 
to settle out onto the wall of the tube, 
after which the viable cells were counted. 
The suspended cells in the second group of 
tubes were permitted to settle out and _ be- 
come adherent to the walls of the roller 
tubes prior to treatment and washing. The 
third group of tubes, which were reserved 
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Table I. Inhibition of growth of detached cells of the intestinal epithelium by 
Dakin’s solution 
Treatment (30 min.) - 
Gey’s solution Dakin’s solution ee 
(controls ) 1:500 | 1: 300 | 1: 200 | 1:100 | 1:50 1:10 
Free-floating cells (24 hr. cell growth, 5 sets of observations) 
4+ 4+ 3+ + + 0 0 
4+ 4+ 4+ + + 0 0 
4+ 4+ 3+ + + 0 0 
4+ 4+ 3+ + 2 0 0 
4+ 4+ 3+ (L.1.D.*) + + 0 (M.1.D.+ 0) 
Adherent cells (24 hr. cell growth, 5 sets of observations) 
4+ 4+ 4+ 2+ + 0 
4+ 4+ 4+ 4+ 2+ 0 
4+ 4+ 4+ 3+ 2+ 0 
4+ 4+ 4+ 3+ + 0 
4+ 4+ 4+ + (L.1.D.*) + 0 (M.1.D.7) 
*L.I.D., the strength of solution at which inhibition of cell growth is first manifest. 


+M.1.D., 


as controls, were simply washed with Gey’s 
solution. 

Cellular injury began at dilutions of 
Dakin’s solution of 1 to 200 and 1 to 300 
for adherent and free-floating cells, re- 
spectively, while destruction was complete 
at a dilution of 1 to 50 in both instances 


(Table I). 


DAKIN’S SOLUTION AND 
HEALING OF BOWEL 


Dogs were used to determine the effect 
of Dakin’s solution on the rate of healing 
of an anastomosis in the bowel. Twenty an- 
imals were divided into 2 groups. All the 
animals received 2 ounces of milk of mag- 
nesia. One group received, in addition, 
neomycin (1.0 Gm.) and Sulfathalidine (1.5 
Gm.) hourly for 4 doses and then every 4 
hours until laparotomy, 2+ hours after in- 
testinal antisepsis was begun. 

At operation, noncrushing, rubber-shod 
intestinal clamps were used to separate the 
colon into 3 equal segments, numbered 1, 
2, and 3, from proximal to distal. The prox- 
imal segment, No. 1, was transected at its 
midpoint and reanastomosed with a 2-layer 
closure. Fifteen milliliters of Gey’s balanced 
salt solution, a volume which caused mod- 
erate distention, was instilled into the lu- 
men of the middle segment, No. 2, and as- 


the strength of solution at which the inhibition of cell growth is complete. 


pirated after 30 minutes. Then the bowel 
was transected centrally and reanastomosed. 
The distal segment, No. 3, 
treated with full-strength modified Dakin’s 
solution. The animals were sacrificed on the 
third postoperative day. The entire colon 


was similarly 


was preserved in 10 per cent formalin solu- 
tion for histologic examination for deter- 
mination of the degree of fibroblastic pro- 
liferation, necrosis, and formation of new 
blood vessels at the healing lines of suture. 

Considerable infection and delayed heal- 
ing occurred among the 10 animals in the 
control group (Group I) which had _ not 
received intestinal antiseptics. One animal 
died of extensive peritonitis on the second 
postoperative day. The lines of suture sepa- 
rated easily and localized abscesses were reg- 
ularly present. Gross wound infections oc- 
curred in 5 instances and generalized puru- 
lent peritonitis in 3. Infection did not occur 
in any of the 10 animals which received 
intestinal antiseptics (Group II 

The fecal 
bleached by the 30-minute exposure to the 


content of the bowel was 
Dakin’s irrigating solution. There was some 
evidence that this solution irritated the mu- 
cosa, manifested primarily by increased se- 
cretion of mucus. 

Microscopic examination of the healing 
tissues showed great differences in the heal- 
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ing process, depending upon whether or not 
intestinal antiseptics had been used. These 
data are given in Table IT. 

It is possible for Dakin’s solution to in- 
terfere with early sealing of the anastomotic 
line because it is an excellent solvent for 
mucus. Both Group I and Group II served 
as their own controls for testing this sup- 
position by the studies of healing of the 3 
segments. The data showed a definite in- 
crease of early inhibition of healing when 
Dakin’s solution was in contact with the 
line of anastomosis on Group I. This ob- 
servation suggests that Dakin’s solution or 


any other agent which would dissolve mu- 
cus and thereby expose adherent malignant 
cells would increase the hazards of poor 
healing in the absence of adequate intestinal 
antisepsis, because prevention of immediate 
sealing of the surfaces at the suture line may 
permit relatively larger numbers of bacteria 
to invade the tissues at the site of anas- 


tomosis. 


CLINICAL APPLICATION 


Tissue culture 


studies 


indicated 


that 


Dakin’s solution, in a dilution of 1 to 50, 
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destroyed all separated intestinal epithelial 
cells whether free-floating or adherent to 
the mucosa. Full-strength Dakin’s solution 
does not damage intact intestinal mucosa 
and causes only an increased excretion of 
mucus. Dakin’s solution does not retard 
healing at the site of suture when adequate 
intestinal antisepsis is practiced. These facts 
lead to the selection of half-strength Dakin’s 
solution for rapid destruction of viable cells 
without damage to the intact mucous mem- 
brane of the bowel or its exposed cut tissue 
surfaces at the line of suture, whenever the 
bacterial flora is sufficiently reduced by ade- 
quate intestinal antisepsis. It should be em- 
phasized that half-strength Dakin’s solution 
dissolves mucus readily and would be quite 
effective in exposing cells which are ad- 
herent to the mucosa or exposed surfaces 
at the line of suture and are covered by 


mucus. 


DISCUSSION 


It is quite unlikely that malignant cells 
can be transplanted onto intact mucous 
membrane, because implantation seems 
highly improbable and next to impossible. 


Table II. Results of treatment of lumen of colon of dog with full-strength modified 
Dakin’s solution and Gey’s solution 














Defective 
healing | Abscess | Leakage 
of suture | at suture | of suture 
Group Colon segments line line line Remarks 
Group I (control, 10 No. 1, control (no 2 1 1 More exudate and necrosis of 
animals, preoper- instillation ) mucosa at the line of anas- 
ative preparation No. 2, Gey’s salt 4 3 | tomosis of segment No. | 
with 60 ml. milk solution than at segments Nos. 2 and 
of magnesia) * No. 3, full-strength 5 4 1 3 of Group I 
modified Dakin’s Fibroblastic and vascular pro- 
solution liferation was inhibited and 
necrosis of the mucosal edge 
was present at all suture lines 
in Group I 
Group II (intestinal No. 1, control 1 1 More exudate in segment No. 
antisepsis, 10 an- No. 2, Gey’s salt - -- — 1 than Nos. 2 and 3 of 
imals, preoperative solution Group I 


preparation with 
60 ml. milk of 
magnesia and neo- 
mycin-Sulfathal- 


__idine)+ 


No. 3, full-strength 
modified Dakin’s 


solution 


Orderly fibroblastic and vascu- 
lar proliferation without ne- 
crosis of the mucosa charac- 
terized healing of all seg- 
ments in Group II 








The abdominal wounds became infected in 50 per cent of the animals in Group I. 
*No abdominal wound infections occurred in Group II animals. 
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On the limited area of raw surface at the 
line of suture, implantation could certainly 
occur. But it seems more likely that the 
transplantation would occur when a cell is 
carried deep into the bowel wall by a su- 
ture and implanted into an area completely 
surrounded by viable, well-vascularized tis- 
sue. Does this possibility suggest that con- 
tinuous through-and-through sutures should 
not be used as the inner row in intestinal 
suture? Obviously, such a precaution would 
become unnecessary if adherent and free- 
floating cancer cells were destroyed by some 
safe and practical procedure. 

Half-strength modified Dakin’s solution 
has been used repeatedly in patients in con- 
junction with colon resection, primary open 
anastomosis, and adequate preoperative in- 
testinal antisepsis. The clinical results have 
been completely satisfactory as far as heal- 
ing is concerned. It is too early to evaluate 
the results with regard to tumor trans- 


plantation. 


The guidance of Dr. Charles Pomerate and the 
use of the facilities of the Tissue Culture Labora- 
tory are gratefully acknowledged. We are also 
grateful to Dr. John H. Childers, Department of 
Pathology and Surgical Pathology, for the micro- 
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scopic examination of the tissues and interpret 


tion of the findings. 
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The effect of neomycin bowel 
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eduction of the normal amount of 
bacterial flora of the alimentary tract in 
experimental animals rendered these animals 
much susceptible to a subsequent 
intravenous infection with a hemolytic 
Staphylococcus aureus. There have been a 
large number of clinical reports which have 
indicated that the prophylactic use of 
systemically active antimicrobial agents is 
harmful because of the danger of increased 
carrier rate,’ of a higher incidence of bac- 


more 


terial complications,® or of superinfection.’ 
Conversely, it has been assumed generally 
that neomycin, when taken orally, is com- 
pletely innocuous. Although the hazards of 
systemic use of neomycin are well known 
because of the toxicity to the central nervous 
system and to the kidneys, orally adminis- 
tered neomycin is not absorbed from the 
tract and thus does not 
produce any serious toxic manifestations. 
Because of this, neomycin has become the 


gastrointestinal 


most popular means of chemically preparing 
the intestinal tract for operations. There 
has been no significant change in the clinical 
status or acceptance of this antimicrobial 
agent in the past several years. However, 
at the experimental level an interesting ob- 
servation was reported by Dubos and 
and Schaedler.‘ They noted that pathogen- 
free mice, that is, mice raised under “clean” 
gram-negative 


conditions free of most 


enteric organisms, were more susceptible to 
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preparation on the 
susceptibility to systemic 
staphylococcal infection: 


an experimental study 


staphylococcal infections than mice which 
had a normal amount of intestinal flora. 
Since these mice were inbred and _ raised 
under special conditions, it was not clear 
whether the reduced amount of flora or the 
genetic factors of inbreeding were the cause 
of the apparent decreased host resistance. 
Therefore it was decided to use neomycin 
in the experimental animal to reduce the 
amount of intestinal flora. If these mice 
were more susceptible to a subsequent 
staphylococcal infection, then the decrease 
in the alimentary bacterial population would 
seem to be the important factor. Preliminary 
studies? made in this laboratory have indi- 
cated that this indeed is the case. Further 
investigation has confirmed this observa- 


tion and is reported here. 


MATERIALS AND METHODS 


Male Swiss Webster albino mice which 
weighed 20 grams were fed a ground diet 
which contained 0.1 per cent neomycin. 
The mice in the control groups received the 
same food without the neomycin. The total 
viable bacterial population of the intestinal 
tract was calculated. Every 24 hours, in 
each series of experiments, 4 animals in each 
group were sacrificed. The small intestine 
and colon were aseptically removed and 
placed in 5 ml. of sterile distilled water in 
a graduated tube. The volunie of the in- 
testines was measured, and then the intes- 
tines were homogenized with a_ ‘Teflon 
grinder. An aliquot of the homogenate was 
plated with poured agar. The colonies were 
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Fig. 1. The effect of neomycin on the total microbial population of the small intestine 



























counted after incubation, and from this the 
number of organisms per cubic centimeter 
of intestine was calculated. Gram stains of 
the homogenate were made routinely. 
After the first series of experiments had 
shown that the neomycin lowered the bac- 


Fig. 2. The effect of neomycin bowel preparation on the survival of mice challenged 
with hemolytic Staphylococcus aureus (Giorgio) (penicillin resistant). 
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terial population in the intestinal tract, the 





susceptibility to staphylococcal challenge 





was investigated. The mice were divided into 









2 groups, one of which received neomycin as 






0.1 per cent of the diet. The others served 






as controls. 
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All mice were then challenged intrave- 
nously with 0.2 ml. of a 1 to 1 dilution of a 
concentrated 18-hour culture of a penicillin 
resistant, coagulase-positive hemolytic 
Staphylococcus aureus (Giorgio). The sur- 
vival rates of these mice were measured. 
(Untreated mice run a typical course with 
this infection. Half are dead in 7 days, and 
the remainder are all dead by 14 days with 
kidney abscesses.” ) 

A final series of experiments was con- 
ducted which was similar to those described 
except that instead of measurements of 
survival rate, the microbial populations of 
the kidneys were computed during the 
course of the infection. This was done by 
sacrificing 4 mice in each group in each 
experiment at selected periods of time. The 
kidneys were removed aseptically and ho- 
mogenized, an aliquot was plated, and the 
microbial population was computed from 
the number of colonies present after incuba- 
tion. 


RESULTS 


Neomycin as 0.1 per cent of the diet 
significantly lowered the total bacterial 
population of the intestinal tract (Fig. 1). 
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This reduction (and subsequent increase 
after 72 hours) occurred almost entirely in 
the coli-aerogenes group. 

Survival after staphylococcal challenge 
was markedly reduced in the groups which 
received the neomycin in the diet (Fig. 2). 

The staphylococcal populations in _ the 
kidneys of mice on a diet containing 
neomycin were higher than in the control 
animals (Fig. 3). 


DISCUSSION 


Previously a case of severe staphylococcal 
pyoderma in a patient on a neomycin bowel 
preparation was reported from the Cornell 
Medical Center.* At that time it was 
postulated that minute amounts of neomycin 
were absorbed into the circulation, and that 
this was the mechanism responsible for the 
development of the skin manifestations 
(similar to those seen after the systemic 
administration of antimicrobic agents). 
However, the serum of all of the experi- 
mental animals in this study was examined 
after exsanguination and no neomycin (or 
other antibacterial) activity was detected. 
It now seems much more likely that the 
explanation for the pyoderma discussed in 
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Fig. 3. Lack of effect of reduction of amount of intestinal flora on the microbial 
population of penicillin-resistant Staphylococcus aureus (Giorgio) in mouse kidneys. 
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the previous clinical report is the same as 
for the experimental infection. 

The results of the studies of Dubos and 
Schaedler* on pathogen-free mice and the 
results of the experiments reported here 
indicate that there is a definite increased 
susceptibility on the part of the host to 
staphylococcal infections. The mechanism of 
this phenomenon is not clear. At the specu- 
lative level one must postulate that either 
the enteric organisms elaborate an anti- 
bacterial substance which inhibits staphy- 
lococci or that their presence acts as a 
constant stimulus to the maintenance of a 
high degree of nonspecific resistance by the 
host. 

It is apparent from these experiments that 
the survival of the mice was shortened 
significantly. This is not attributable to any 
noxious effect of neomycin, since littermates 
w.uch were uninfected did well and gained 
weight on a neomycin diet for months. The 
virulence of the particular strain of staphy- 
lococcus used was not’ enhanced by 
neomycin. The organism is sensitive to 0.012 
mg. per milliliter of neomycin by tube 
dilution method. Also, the experimental 
results can be duplicated when other strains 
of staphylococci are used. In the experi- 
ments in which the microbial populations 
in the kidneys were found to be higher in 
the groups given neomycin than in the 
control groups, it is believed that this 
phenomenon represented a very formidable 
increase in virulence of the infection. From 
past experience with this experimental 
model it is known that only under the most 
unusual combination of laboratory manipu- 
lations can the populations in the kidneys 
be made to exceed the control levels. 

It seems reasonable from the data 
presented to conclude that reduction of the 
amount of bowel flora may, in the human 
host, lead to an increased susceptibility to 
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staphylococcal infection. Although the mec! 
anism is far from clear, enough informatic 
is available to suggest that the surgeon | 
alert to this possible complication of tl 
use of neomycin in preparing the intestin 
tract for surgical procedures. 

SUMMARY 

An additional series of experiments is re- 
ported in which the amount of bacterial 
flora of the intestinal tract in mice was 
reduced by the use of neomycin in the dict. 
This reduction in microbial population in 
the intestine was directly related to an in- 
creased susceptibility of these mice to sub- 
sequent staphylococcal infection, as meas- 
ured by survival and by staphylococcal 
populations in the kidneys. The relationship 
of these laboratory results to clinical surgery 


is discussed. 
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he Army Medical Service is a potent 
force in the growth and development of 
medicine. In the memory of many, selections 
for commission in the regular Medical Corps 
were eagerly sought and only a few aspirants 
were successful in passing the comprehensive 
examinations. Brigadier General Albert E. 
Truby records his own experience in his 
Memoirs of Walter Reed.’ In June, 1898, 
he was a senior resident on the surgical 
service of Professor John Ashhurst, Jr., at 
the University of Pennsylvania when, along 
with 20 other candidates, he took the week- 
long examination for a commission in the 
regular Army Medical Corps. By the second 
day, only 7 of the original 20 were con- 
tinuing with the examination. “Six had 
failed the physical examination and seven 
had failed anatomy.” On the morning of the 
fifth day, General Truby states that he was 
told, “I would be recommended to the Sur- 
geon General for a commission in the 
Medical Department of the Army and that 
at 2 p.m. Captain Stark would take us (two 
successful candidates) to the War Depart- 
ment to meet the Surgeon General.” 

Wars have stimulated a close relationship 
between doctors in uniform and those in 
civilian medical pursuits. This closeness has 
probably never been more mutually bene- 
ficial than it is today. The unexcelled patriot- 
ism of members of the medical profession 
has brought a major proportion of its mem- 
bers to serve with the armed forces. The 
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stimulus and gain to the regular Army 
Medical Corps has been almost immeasur- 
able. If a tangible assessment could be made, 
it would undoubtedly be accented by the 
broad meaning of education. From World 
War I emerged the establishment of an 
internship program in Army hospitals. Many 
of the leaders in the regular Army Medical 
Service today are products of this graduate 
education program. About 800 Doctors of 
Medicine completed an Army _ internship 
prior to World War II. After the holocaust 
of that war, the residency program was in- 
augurated in the Army Medical Service. The 
establishment of both of these educational 
programs was a reflection of their success in 
civilian medicine. The programs of intern- 
ships, residencies, and fellowships in the 
Army Medical Service seem assured. ‘Today 
these programs encompass more than 500 
Doctors of Medicine, all members of the 
regular Army Medical Service. Twenty-two 
medical specialties are represented and there 
is a high degree of selectivity of candidates 
for these programs. 
Thirteen years of 
residency program has now been accumu- 
lated. More than 2,000 Doctors of Medicine 
have successfully completed their residencies. 
The number who have left the regular 
service has been large, approximately 60 per 
cent. If attaining certification by American 
Specialty Boards is considered as a measure- 
ment of the competency of those who have 
completed their residency, the score is high 
for eligible candidates. The financial attrac- 


experience with a 
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tiveness of a career in the regular Army 
Medical Service for Doctors of Medicine and 
Dentistry has been increased and earlier re- 
tirement benefits are now available. The 
areas of professional advancement seem 
equally attractive and the future embraces 
a far-reaching educational endeavor. Addi- 
tional internship and residency programs are 
being established in Army hospitals located 
at large military posts. The need for teachers 
will thus be increased and men who demon- 
strate capabilities in teaching are in demand. 

The surgeon in the regular Army, 1961, 
averages 35 to 40 years of age. He is, in 
almost all instances, a product of the 
graduate residency training in Army _ hos- 
pitals. His Army teachers have been 10 to 
20 years his senior. They have, for the most 
part, been a product of the Army teaching 
efforts which were available before the 
formal residency program was established. 
His seniors are experienced in war and in 
command responsibilities, and the Army sur- 
geon of 1961 is himself battle-scarred. Often 
he has been a doughboy, airman, or sailor 
prior to his medical studies, or is a doctor 
with war experience gained in the Korean 
conflict. Some have also been christened in 
command duties and staff work. He is board 
certified, acclimated to academic surround- 
ings, progressive, and active. He has had 
varied and abundant clinical material in 
both sexes and in all age groups. He is sur- 
rounded with qualified specialists in other 
fields with whom he may readily consult. He 
is accustomed to travel and adaptation. His 
wife and family find advantages in such cir- 
cumstances. His career provides an oppor- 
tunity for almost world-wide teaching and 
the observation of other surgeons. He _ is 
modest, yet proud, and willingly takes his 
place beside his associates from other ex- 
cellent teaching hospitals. He is enlightened 
as to command responsibilities. His role as 
a doctor in the military as in civilian life is 
that of an advisor and he is prepared to 
present sound and timely advice to military 
commanders. 

The future of the surgeon, United States 
Army, 1961, is of considerable interest to the 
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medical profession in our own country, but 
has international significance. At home hx 
will continue to strengthen the relationship 
with his civilian associates. He will seek 

broader association with medical schools. A 
a member of their teaching staff, he wil 
utilize the clinical material and _ researc! 
facilities of military installations. He look 
forward to increased 
medical society meetings. In his assignment 
he will find the challenge and opportunitie: 
for continuous learning and teaching. Abroad 
he may well be the symbol of American 


participation in 


surgery. It may be said assuredly that the 
educational prospects of the military medical 
services constitute an almost world-wide 
campus. The need and the challenge in 
international medicine are staggering. Amer- 
ican medicine is now the mecca and the 
medical efforts of the military reach into 
many geographical areas where guidance in 
attaining the goal we have already reached 
is needed and desired. The Army surgeon 
may be assigned within these areas and he 
may be the means of bringing American 
surgery to the medical profession of that 
particular part of the world. These are tasks 
not to be undertaken lightly, for they are 
difficult to accomplish. The language barriet 
may be a troublesome hurdle. Nationalistic 
pride may present a seemingly uninviting 
atmosphere. These barriers will become less 
difficult to surmount as the Army surgeon, 
1961, carries the prestige of the best in 
American surgery to other peoples in other 
lands. 

Some imprints have been made in this 
international role of the Army surgeon, 1961. 
In areas throughout Europe where military 
medical installations are located, the meet- 
ings conducted by members of the profession 
in those countries and our military medical 
meetings have been used increasingly as 
forums for mutual discussions and educa- 
tional advancement. European doctors have 
actively participated in the patient care of 
military personnel. In the Far East, a similar 
trend has developed during the past few 
years. Many young Japanese’ medical 
graduates serve internship in Army and Ai 
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Force hospitals. Approximately 200 have 
completed such an internship and about 75 
per cent continued their studies in the United 
States. Many have returned to their native 
land and are gradually making their ob- 
servations of American surgery known. The 
memorial selected to honor the Eighth Army 
is a new 140-bed hospital in Seoul, Korea. 
It has been named The Eighth Army Chest 
Memorial Hospital. The hospital is operated 
under the direction of the Severance Uni- 
versity Medical School. American Army sur- 
geons serving in Korea may find an interest- 
ing challenge and opportunity to aid in the 
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teaching conducted at that hospital and the 
medical schools of Korea. The regions are 
almost innumerable where the Army sur- 
geon, 1961, may go and carry “the gospel 
of loyalty to truth in the science and in the 
art of medicine.”? His devotion may be the 
stimulating example in alleviating illness 
which is needed to make a brotherhood of 
medicine a reality. 


REFERENCES 


1. Truby, A. E.: Memoirs of Walter Reed, New 
York, 1943, Paul B. Hoeber, Inc. 

2. Osler, William: The army surgeon, aequanim- 
itas, London, 1926, H. K. Lewis & Co., Ltd. 











hypothermic dog 


espite the increasing employment of 
massive blood transfusions, most investiga- 
tors believe that citric acid intoxication oc- 
curs infrequently. Some contend that this 
phenomenon develops in the healthy patient 
only if citrated blood is infused rapidly at 
a rate approximating or exceeding 500 ml. 
in 5 minutes. 

In an extensive study of 130 patients, 
Bunker and his associates* have reported the 
development of fatal vascular collapse in 
several patients who received multiple trans- 
fusions which they attributed largely to cit- 
rate intoxication. Elevated citrate levels be- 
tween 26.4 and 54.7 mg. and depression of 
the calculated ionized serum calcium levels 
below 0.8 mm. per liter were recorded in 
these patients. However, after a comparably 
thorough clinical study, Howland and _ his 
associates'* concluded that the development 
of this complication is uncommon during 
the administration of banked blood in 
equally large amounts. Despite this basic dis- 
agreement, the latter group of investigators 
and others concede that the metabolic de- 
struction of citric acid may be impaired in 
patients with cirrhosis and other hepatic dis- 
eases or in patients in the hypothermic state 
and can lead to dangerously high elevations 
of plasma citric acid levels. 

The manifestations of citric acid toxicity 
are attributed to the reduced ionization of 
calcium and other divalent cations which re- 
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sults from interaction of citric acid and the 
cations to form weakly dissociated salts. Sig- 
nificant lowering of the level of ionized cal- 
cium of the serum is believed to depress 
myocardial function and lead to the develop- 
ment of hypotension and various cardiac ar- 
rhythmias culminating in asystole. Prolonga- 
tion of the Q-T interval is the most frequent 
electrocardiographic change observed with 
elevated plasma citrate acid levels. Oozing 
from the wound, muscle twitching, tetany, 
and convulsions have been considered to be 
other signs of severe citric acid poisoning. 
Until recently, a paucity of information 
existed regarding the extent to which hypo- 
thermia influenced the tolerance of man to 
transfusions of citrated blood. In 1954, Cook- 
son and his group® reported on the injurious 
effect of citrated blood on the hypothermic 
heart. In a series of experiments performed 
immediately after occlusion of the caval in- 
flow tract, they injected 2.2 ml. per kilogram 
per minute of citrated blood in a retrograde 
manner into the right carotid artery of 10 
dogs cooled to approximately 26° C. Cardiac 
arrest or ventricular fibrillation developed 
in 9 dogs after an infusion of blood which 
averaged 12.5 ml. per kilogram and after 
approximately 6 minutes of caval occlusion. 
These investigators concluded that citrated 
blood, even in small amounts, was harmful 
to the hypothermic heart and recommended 
against its administration in cardiac opera- 
tions with hypothermia. It is questionable 
whether their data justified this conclusion 
since the dangers of introducing citrated 
blood directly into the coronary arteries, even 
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in the normothermic state, are well recog- 
nized. In experiments designed to prolong 
safely the period of myocardial ischemia un- 
der hypothermia, Shumway and colleagues*® 
and Riberi and his associates** observed 
that the injection of citrated blood into the 
coronary bed promptly induced asystole or 
ventricular fibrillation. Redo,** in testing 
various agents and means of inducing asys- 
tole on the isolated heart, found that acid 
citrate dextrose solution was an effective, al- 
though not an entirely safe, cardioplegic 
agent. 

More recently, Ludbrook and Wynn” 
noted that hypothermia markedly depressed 
the metabolism of citrate both in man and 
the dog. They reported after a single experi- 
ment that when the temperature of the dog 
was lowered to 30 to 32° C. the plasma cit- 
rate level increased 65 per cent and at equiv- 
alent plasma citrate values the rate of meta- 
bolic destruction decreased 42 per cent. They 
observed a similar qualitative trend in the 
citrate metabolism of 3 hypothermic patients 
who had received 1.5 Gm. of citrate in- 
travenously. 

Surgeons, anesthetists, and others have 
sounded no specific warning concerning the 
use of citrated blood in cardiac, neurosurgi- 
cal, and other types of procedures carried 
out under hypothermia. Although banked 
blood is routinely administered in operations 
conducted under hypothermia, seldom are 
large quantities infused. Documented incon- 
trovertible instances of hypothermic patients 
manifesting the clinical picture of citric acid 
toxicity are uncommon. Ludbrook and 
Wynn’ described a patient cooled to 29° C. 
who developed ventricular fibrillation and 
died after receiving 7,500 ml. of citrated 
blood during resection of the abdominal 
aorta for chronic thrombosis. The plasma 
citric acid level at the time of maximal blood 
infusion was 140 mg. per cent, a dangerously 
elevated value. The authors believed that 
citric acid intoxication played an important 
role in the death of their patient. Both Hub- 
bard'® and Argent’ reported cases of patients 
in the normothermic state in whom they be- 
lieved the rapid transfusion of citrated blood 
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caused the symptoms and signs of citrate 
poisoning. A clear-cut diagnosis of citric acid 
intoxication is often difficult to substantiate 
in such instances in view of the complexity 
of physiologic derangements present, par- 
ticularly hypovolemic shock. Moreover, the 
massive transfusion of banked blood may 
cause other deleterious effects which in the 
past have gone largely unrecognized and 
have been ascribed to the still incompletely 
understood syndrome of citric acid intoxica- 
tion. They include the lowering of body 
temperature, varying degrees of elevations in 
levels of potassium, lactic acid, organic phos- 
phate, ammonia,* and organic phosphate in 
the plasma, and the development of meta- 
bolic acidosis, the effects of which are ac- 
centuated and more poorly tolerated in 
cooled patients, particularly those afflicted 
with cardiac and renal disease or in hypo- 
volemic shock. The studies of Firt and 
Hejhal* and Watkins** indicate that hypo- 
tension induced by bleeding sensitized the 
myocardium of anesthetized dogs to the un- 
desirable effects of citrate. The former work- 
ers have described a characteristic picture of 
cardiac overloading and failure in their ani- 
mals which they attributed to the citrate 
rather than to the volume of blood adminis- 
tered. 

The study to be described in this com- 
munication was undertaken with 2 objec- 
tives; first, to determine the tolerance of the 
hypothermic dog to citrated blood under 
conditions which impose severe stress on the 
heart, and second, to evaluate and correlate 
the electrocardiographic alterations which oc- 
cur in the hypothermic state with elevated 
citrate levels of the plasma. 


MATERIALS AND METHODS 


Procedure. A series of experiments was 
conducted to assess the tolerance of hypo- 
thermic dogs to citric acid. Healthy mongrel 
dogs were anesthetized with thiamylal so- 
dium, placed on a pneophore or Medtronic 
respirator, and cooled to 27 to 30° C. in an 
ice bath. Thoracotomy was then performed 
through the right fourth intercostal space 
with sterile technique. The caval end of the 
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Table I. Classification of experiments 











| Infusion Duration 
Group (ml./Kg./min.) (min.) 
I 0.3 (ACD solution) 50 
II 0.3 (ACD solution) 50* 
III 1.5 (citrated blood) 50* 
IV 3 (citrated blood) 50* 





*With 8 minutes of caval occlusion, 


Table II. Analysis of deaths in Group III 


ex periments 

















Highest 
plasma 
citric 
acid 
Dog| Weight level 
No.| (Kg.) Comments (mg.) 
25 17 Hypotensive (45/35, died -— 
overnight 
2A - Did well, died of tracheal —- 
obstruction overnight 
12A 23  Tolerated infusion but be- 62 
came apneic immediately 
postoperatively. Recov- 
ered but died overnight 
13A 12. Did poorly and died atend 179 
of experiment. Worms in 
heart 
16A 15 Ventricular fibrillation at 160 
end of infusion, blood in 
trachea 


17A 15  Hypotensive but recovered. 104 
Died 4 hr. postoperatively 





azygos vein was cannulated with a poly- 
ethylene catheter for the infusion of blood 
and other fluids. The inferior and superior 
venae cavae were isolated with cord tape 
when a period of caval occlusion was to be 
instituted. After the designated experimental 
procedure had been concluded, the thora- 
cotomy incision was closed with silk sutures 
and the animal rewarmed by wrapping in 
a blanket connected to the Therm-O-Rite 
warming unit. The usual dose of citric acid 
employed in this study was 0.3 ml. acid cit- 
rate dextrose solution (adjusted to a pH 
of 7.4 with NaNCO;) per kilogram per min- 
ute infused intravenously over a 50-minute 
period or 1.5 ml. of citrated blood (origi- 
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nally containing 0.3 ml. acid citrate des 
trose solution) per kilogram per minut: 
Thus, a 15 kilogram dog received a total 
1,125 ml. of citrated blood in 50 minutes, 
quantity exceeding two-thirds of the mea 
ured blood volume. Caval inflow occlusion. 
when instituted, was interpolated midway, 
during the 50-minute period of citrate ad- 
ministration. The arterial pressure’ was 
monitored with a Statham strain gauve 
transducer attached either to the Sanborn 
Polyviso or Technicon recording apparatus. 
Electrocardiograms were obtained in leads 
II and III at frequent intervals with eithe: 
the Cambridge, Sanborn, or ‘Technicon ma- 
chine. 

The experiments were classified as shown 
in Table I. 

Serum citric acid and electrolyte determi- 
nations. The citric acid content of the serum 
was determined serially in 3 categories of 
experiments by means of the Elliott modifi- 
cation of the method of Natelson and asso- 
ciates.*° 

The total amount of serum calcium was 
measured similarly in the same groups of ani- 
mals by the technique of Clark and Collip’ 
and the serum potassium level on the Baird 
flame photometer. The ionized calcium level 
of the serum was calculated from total cal- 
clum, citrate, and total protein determina- 
tions by a process of successive approxima- 
tion with the nomograms of MacLean’® and 
Hastings.** The serum pH was measured a 
minimum of 3 times during the injection of 
acid citrate dextrose solution or citrated 
blood in 26 experiments. The blood volume 
was estimated in 6 experiments with the 
Evans blue dye method. The Bromsulphalein 
excretion test was performed in 10 animals. 
In this study, a 600 ml. unit of citrated blood 
was considered to contain the citric acid 
equivalent of 120 ml. of acid citrate dextrose 
solution or 1.43 Gm. of citric acid, although 
the actual citric acid level of the plasma 
component varied from 353 to 465 mg. per 
cent, values approximating those given by 
Howland” for human banked blood. The 
citrated blood was obtained immediately be- 
fore each experiment to avoid any possible 
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deleterious effect of banked blood. As the 
first unit of blood was being infused, an 
equivalent amount was simultaneously with- 
drawn from the femoral vein for subsequent 
reinjection. The second unit consequently 
had a higher content of citrate than the 
original one. 

Group V experiments. Another series of 
experiments entailed a comparative study 
on the effect of euthermia and hypothermia 
on the metabolism of citric acid and the 
electrocardiographic alterations under these 
conditions. Eight animals in the normo- 
thermic state received 0.3 ml. of acid citrate 
dextrose solution per kilogram per minute 
intravenously over a period of 25 minutes. 
Determinations of the plasma citric acid, 
serum total calcium, pH, and total protein, 
as well as electrocardiographic tracings, were 
obtained at 5-minute intervals. The arterial 
pressure was monitored continuously. Two 
to 4 weeks later the animals were cooled to 
28 to 32° C. and the identical procedure 
and studies performed. Occlusion of caval 
inflow tract was not carried out. 


RESULTS 


Group I. Two of the 7 animals died, 1 of 
ventricular fibrillation after 30 minutes of 
citrate infusion and the other during the 
first 24 hours. It had appeared to tolerate 
the procedure without difficulty. 

Group II. When 8 minutes of caval block- 
ade was superimposed, 3 of 7 dogs died dur- 
ing the experiment. Two developed ventric- 
ular fibrillation immediately at the time of 
occlusion of the venae cavae. The remain- 
ing animal exhibited progressive deteriora- 
tion of cardiac action and died of severe 
hypotension and irreversible shock. 

Group III. The postinfusion manifesta- 
tions observed in 3 of the 6 animals which 
died in 22 experiments were compatible with 
the diagnosis of citric acid intoxication 
(Table II). The remaining animals appar- 
ently tolerated the infusion satisfactorily but 
died several hours postoperatively. In 11 ex- 
periments, the citrate levels of the serum 
climbed to a mean of 102 mg. (range 62 to 
'79 mg.) at the end of the 50-minute period 
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of infusion with a rapid decline to below 
28 mg. within 2 hours (Fig. 1). 

Group IV. Three of the 8 dogs died but 
only | of the animals manifested signs which 
were even suggestive of citrate overdosage 
(Table III). The plasma citric acid levels 
were uniformly higher than in the preceding 
group and attained a mean of 135 mg. per 
cent at the end of the 25-minute perfusion 
(Fig. 1). 

Group V. One of the 8 dogs died several 
hours after completion of the experiment. 
Although the plasma citric acid level after 
the 25 minutes of citrate infusion was 161 
mg. per cent, death was not attributed to 
citric acid intoxication. The other animals 
survived. There was almost a 40 per cent 
increment in the citric acid concentration 
in the hypothermic state compared to the 
normothermic state (Fig. 2). The increase 
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Fig. 1. Plasma citrate levels, Groups III and IV. 


Table III. Analysis of deaths in Group IV 


ex periments 








Highest 
plasma citric 
Dog acid level 
No. Comments (mg.) 
20A_ Did well but died of atelec- 148 
tasis overnight 
25A Cardiac arrest after 8 min- 172 
utes of infusion. Post- 
occlusion (caval) citrate 
26A Recovered but died during 174 


night 
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Fig. 2. Plasma citrate and serum calcium studies, 


Group V. 


in citric acid at 15 minutes was significant 
at the | per cent level. 

Electrolyte studies. The total serum cal- 
cium levels were measured serially in 25 ex- 
periments in 3 categories (Groups III, IV, 
and V) with a minimum of 6 determinations 
in each experiment. The total serum calcium 
levels showed no significant changes. In over 
half the experiments, however, the serum 
calcium content showed consistent, progres- 
sive increases or decreases with deviations 
exceeding 2.5 mg. per cent noted in a few 
instances. There was no significant correla- 
tion between the total serum calcium levels 
and the height of the plasma citric acid 
level. The calculated amount of serum ion- 
ized calcium in 6 experiments of Group V 
was below 0.4 mM. per liter of water. The 
serial serum potassium experiment in 17 
hypothermic animals showed no consistent 
pattern. The serum pH was consistently re- 
duced in the majority of experiments in 
which caval inflow occlusion was superim- 
posed, whereas the pH of the blood remained 
stationary in the experiments in which caval 
occlusion was not employed (Group V). 
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Bromsulphalein test and blood volunx 
Bromsulphalein was administered to | 
dogs under pentobarbital anesthesia in tl 
normothermic state and subsequently sever: 
days later at a temperature of 28 to 30° ( 
No retention of Bromsulphalein was foun 
in 7 of the controls at the end of 45 min- 
utes and retention of 6, 10, and 12 per cent 
of the dye, respectively, occurred in the 3 
remaining animals. Under hypothermia, 
complete clearance of the dye occurred only 
in 1 dog. Retention over a wide range (up 
to 65 per cent) was recorded in the others 
The Bromsulphalein retention of the 3 ani- 
mals which retained the dye in the euthermic 
state was appreciably greater during hypo- 
The Bromsulphalein retention of the 


: 
J ani- 
mals was 91 ml. per kilogram (range 90 to 
97). 


DISCUSSION 


The study indicated that the hypothermic 
dog safely tolerates the infusion of a large 
volume of citrated blood despite the stress 
on the myocardium imposed by 8 minutes 
of caval inflow occlusion. The plasma citric 
acid levels of the surviving animals ranged 
as high as 164 mg. per cent. The quantity 
of blood administered was in excess of two- 
thirds of the measured blood volume and 
was equivalent to about 5,250 ml. for a 70 
kilogram adult given over a 50-minute pe- 
riod, or 525 ml. in 5 minutes. This volume 
and rate of infusion are considered by some 
investigators to be sufficient to produce signs 
of toxicity in the normothermic patient. 
Blood infused at this rate would correspond 
to a plasma ionized calcium level of about 
0.5 mM. per kilogram of water in an adult 
patient, according to Ludbrook and Wynn."’ 

The survival rate of 73 per cent in the 
standard experiment (Group III) compares 
favorably with that of approximately 90 per 
cent obtained in a previous study on dogs 
rendered hypothermic to 28 to 32° C. and 
in which the venous inflow to the heart was 
obstructed for 8 minutes. The mortality rate 
was only slightly higher in a smaller number 
of dogs when acid citrate dextrose solution 
alone was infused in an equivalent dosage 
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or when the same quantity of blood was in- 
fused twice as rapidly. The results suggest 
that the administration of citrated blood in 
the amounts used (1.5 ml. per kilogram per 
minute over 50 minutes) may constitute the 
upper limits of reasonable safety for a hypo- 
thermic dog subjected to cardiac inflow 
blockage of 8 minutes’ duration. Four of 5 
dogs which attained the highest plasma cit- 
ric acid levels, averaging 165 mg. per cent, 
died during or after the experiment. 

The data clearly show that hypothermia 
significantly impairs the metabolism of cit- 
rate in the dog. Under the rate and volume 
of citrate infusion employed in this study 
the rise in the plasma citric acid level dur- 
ing hypothermia from 28 to 32° C. was ap- 
proximately 40 per cent greater than the 
rise which occurred during normothermia at 
the end of 25 minutes. The rate of disap- 
pearance of citrate is slower during hypo- 
thermia than that reported during normo- 
thermia. A significant level of citric acid 
remains in the plasma 2 hours after its in- 
jection. The results also support the findings 
of other workers that the amount of plasma 
citric acid increases in direct proportion to 
the rate of infusion of the citrate solution. 

Studies have clearly established that hypo- 
thermia produces a reduction in blood flow 
to the various organs and generally moder- 
ates hypotension and depression of cellular 
and enzymatic function. Hallett’® found a 
decrement in splanchnic arterial flow and a 
decrease in various hepatic metabolic func- 
tions which reverted to normal on rewarm- 
ing. Fisher and his group,® using the Brom- 
sulphalein method of Bradley,? also demon- 
strated a fall of approximately 50 per cent 
in the hepatic blood flow in the dog cooled 
to 23° C. for 1 hour under ether anesthesia. 
The increased Bromsulphalein — retention 
observed in the majority of the animals in 
this study is further corroboration of their 
findings. Moyer and associates,'* investigat- 
ing the status of the kidneys of dogs cooled 
to 27° C., found a drop in mean arterial 
pressure of 25 per cent, a fall in the glomer- 
ular filteration rate of 69 per cent, and a 
decrease in the renal blood flow of 28 per 
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cent, as well as depression of the tubular 
enzymatic excretory function and reabsorp- 
tive processes. These and other confirmatory 
findings appear to provide sufficient ex- 
planation for the impairment in citrate me- 
tabolism recorded in this study. 

The metabolic disposition of citrate varies 
in different species of animals.’ ** *? Ac- 
cordingly, the data in the dog must be evalu- 
ated in the light of the differences which 
Ludbrook and Wynn’ have observed be- 
tween the metabolism of citrate in man and 
the dog. They have reported that at com- 
parable rates of infusion (1 mg. per kilo- 
gram per minute) the rise in the plasma cit- 
rate level in the dog was almost double (20 
mg. per 100 ml.) that in man (12.5 mg. per 
100 ml.). Moreover, over varying rates of 
infusion, the dog consistently excreted about 
44 per cent of the injected citrate in the 
urine. In man, 18 to 20 per cent was ex- 
creted. Conversely, at identical plasma levels 
of citrate the rate of metabolic destruction 
in the human being was approximately dou- 
ble that in the dog in proportion to weight. 
However, the experimental data of Lud- 
brook and Wynn appear to be based on 
studies conducted on 2 animals and may 
not be representative. 

It has generally been assumed that citric 
acid toxicity is due to depression of the 
plasma ionized calcium level which results 
from the rapid administration of citrated 
blood. Evidence to support this view has 
been inconclusive largely because of the un- 
satisfactory means presently available for de- 
termining the ionized calcium level of the 
blood. The studies of Howland and his as- 
sociates'* and Saffran and Denstedt** have 
shown that despite substantial increments 
of citric acid in the plasma, the body main- 
tains the ionized calcium at physiologically 
adequate levels by rapidly mobilizing cal- 
cium from the bone. The former workers 
state that patients who receive acid citrate 
dextrose solution exhibit elevations in the 
total serum calcium level which they regard 
as a compensatory mechanism to maintain 
the amount of ionized calcium within physi- 
ologically safe limits. However, Bunker and 
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his co-workers, Ludbrook,'’ and other in- 
vestigators believe that the marked depres- 
sion of the calculated amount of ionized cal- 
cium of the serum demonstrated in patients 
with high elevations of the plasma citric 
acid level is responsible for certain deleteri- 
ous hemodynamic and other physiologic ef- 
fects which may be amenable to appropriate 
calcium therapy. Our results indicate that 
despite dangerously low levels of calculated 
ionized calcium of the serum, the majority 
of the dogs in the hypothermic state survive 
in the face of markedly elevated plasma cit- 
ric acid concentrations without exhibiting 
the clinical or electrocardiographic manifes- 
tations commonly attributed to citric acid 
toxicity. The total serum calcium levels in 
only 8 of 25 animals showed a consistent and 
progressive rise which seemed to parallel 


2 pee 
; 





Fig. 3. Electrocardiogram which shows the early 
S-T changes noted by Osborn. These were the 
most characteristic changes seen during hypo- 
thermia. 
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the increments in the plasma citric acid 
content. 

A rise in the serum potassium concentra- 
tion has been reported during administra- 
tion of acid citrate dextrose solution o: 
banked citrated blood.'*:'* LeVeen and his 
group'* have implicated hyperpotassemi: 
banked blood as a major cause of cardiac 
arrest in patients who receive numerous 
blood transfusions. The serum potassium 
studies in this investigation showed that 
there were no consistent alterations. As 
stated previously, the citrated blood used in 
this study was obtained immediately before 
each experiment to avoid the possibility of 
hyperpotassemia and other harmful effects 
ascribed to stored blood. 

The electrocardiographic alterations will 
be only briefly described since a more de- 
tailed account will be presented in a separate 
communication.“ The most characteristic 
alteration in the electrocardiogram during 
hypothermia has been the early S-T changes 
of Osborn?! (Fig. 3). Other findings in- 
cluded prolongation of P-R, QRS, and Q-T 
(U) intervals, early S-T changes, T-wave 
changes, and arrhythmias described by pre- 
vious investigators. The infusion of buffered 
citrate solution or citrated blood typically 
caused a further change which consisted 
of an alternating T-wave pattern not docu- 
mented before in the literature (Fig. 4). 
This change was uniformly observed when 
the plasma citrate attained levels in the 
range of 70 mg. per cent. The change per- 
sisted only about 5 minutes after discontinu- 
ation of the citrate solution and is not re- 
garded prognostically as an ominous sign. 
Normothermic dogs which received citric 
acid have occasionally shown similar mani- 
festations which were only transient and of 
a much less marked character. It is of clini- 
cal interest that this pattern occurred in the 
electrocardiogram of a patient who received 
a rapid transfusion of approximately 1,000 
ml. of banked blood during an operation 
under hypothermia for an aneurysm of the 
circle of Willis. The electrocardiographic 
changes, such as the progressive depression 
of the T wave and late reduction of the 
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Fig. 4. Lead III of an electrocardiogram from a hypothermic dog which had received acid 
citrate dextrose infusion. Note the alternating T waves. Three types of T alternans were ob- 
served; (1) a lowering of an upright T wave in every other complex (type I), (2) a nega- 
tive T wave alternating with a biphasic or positive T wave (type II), and (3) a more deeply 
negative T wave in alternating complexes on traces with all negative T forces. Type II is 
shown here and was the most frequently observed change demonstrated. 


P-wave voltage, considered as reflecting ele- 
vated plasma citric acid levels, have not ap- 
peared in most of the animals in this investi- 


gation. 


SUMMARY 

1. The majority of dogs rendered hypo- 
thermic to 28 to 32° C. survive the steady 
intravenous infusion of a quantity of cit- 
rated blood which leads to a rise of the 
plasma citric acid level to an average of 120 
mg. per cent despite the additional cardiac 
strain of caval inflow occlusion lasting 8 
minutes. 

2. Hypothermia of 28 to 32° C. causes a 
decrease in the metabolism of citric acid 
which approximates 40 per cent under the 
conditions of the experiment. 

3. An alternating T-wave pattern during 
hypothermia, not previously described, has 
been the characteristic electrocardiographic 
finding associated with increased plasma cit- 
ric acid levels during hypothermia. 


The authors gratefully acknowledge the contribu- 
tions of Dr. William Ross and Mr. Joe Bill Hocott 
in the calculation of serum ionized calcium levels 
and the technical assistance of Mrs. Marilyn Lile 
and Mrs. Regina Smith. 
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A device to maintain automatically 


GERALD MOSS, M.D., Pxu.D. 
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From the Department of Biochemistry, 
Albany Medical College 


henever there is a_ simultaneous 
inflow and outflow of large volumes of blood 
during total perfusion, organ perfusion, 
hemodialysis, and so forth, there is always 
the danger that one rate may exceed the 
other. Over an extended period of time, 
there can be appreciable hypo- or hyper- 
volemia, with danger of shock or congestion, 
respectively. 

A relatively simple device been 
designed and constructed which maintains 
hemodynamic equilibrium by automatically 
and continuously monitoring the subject’s 
weight and adjusting flow rates accordingly. 
The appropriate changes in flow rates are 
gradual, so that the hemodynamics will not 
be acutely disturbed. The regulator is 
“external” to the blood flow, and will not 


induce hemolysis, clotting, or other deleteri- 


has 


ous effects. 

The subject is placed upon a scale and 
the pointer set at the null position by ad- 
justment of the movable weight on the 
balance arm. A beam of light which im- 
pinges upon a photoelectric cell is broken 
when the pointer moves downward as the 
subject loses weight. This will slowly cause 
the rate of blood outflow to diminish until 
the patient has regained sufficient blood to 
normovolemic. At this time, the 
pointer again will allow the light to fall 
the photoelectric cell and the outflow 


become 


on 
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and continuously 

an absolute or relative 
constant weight of a 
subject or container 


during perfusion 


rate is adjusted accordingly. The fluctua- 
tions in blood volume can be made to stay 
within 5 to 10 ml. 

The photoelectric cell, when activated (or 
inactivated), closes (or opens) an electrically 
operated gas valve through a_ standard 
electronic unit. A variable blood flow resist- 
ance exists in the outflow circuit which 
responds to changes in gas pressure con- 
trolled by the photoelectric cell. 

The resistance unit (Fig. 1) consists of a 
length of thin-walled rubber tubing (Pen- 
rose), through which the outflow blood must 
pass. The tubing is contained within a 
closed pneumatic chamber in which the 
pressure is continuously varied, as described. 

As the subject loses weight and _ the 
pointer falls, the beam of light is broken 
and the gas valve opened. Gas slowly enters 
the pneumatic chamber through a capil- 
lary tube, and the increasing pressure upon 
the rubber tubing increases the resistance 
of blood flow through it. This causes a 
relative retention of blood within the pa- 
tient. When the patient has regained his 
weight, and tends to accumulate a few 
milliliters excess, a second capillary tube 
slowly allows the escape of gas, resistance 
falls, and outflow increases. 

The device has been successfully used 
with both 8 pound rabbits and 65 pound 
calves, and this by no means represents the 
limits of its flexibility. 

By a simple modification (the substitution 
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Fig. 1. Variable flow resistance unit. 


PHOTOELECTRIC CELL RELAY 
Fig. 2. Photograph of photoelectric cell relay and 
pilot light mounted on opposite sides of balance 


beam. 





SOLENOID GAS. VALVE 


TO GAS TANK 





como. 


CAPILLARY TUBE 





; CAPILLARY TUBE 


Fig. 3. Photograph of solenoid gas valve and 
variable flow resistance unit. In operation the 
line cord from the valve is plugged into the outlet 
of photoelectric cell relay. 


of a 2-pan balance for the scale), this device 
can automatically and continuously match 
the inflow or outflow from one container 
to that occurring in another. The 2 contain- 
ers are placed on the opposite pans, and 
initially balanced so that the pointer barely 
impinges upon the beam of light. The flow 
to or from one can then be controlled to 
match the weight changes in the other. A 
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use for this will be found in such procedure 
as local anticoagulation in artificial kidne: 
work, when the quantity of heparin adde: 
to blood entering the dialysis equipmen 
must be exactly balanced by the amoun 
of protamine added to the blood before 
returns to the patient. Significant mismatc! 
in either direction would be disastrous. 


MATERIALS 
The materials used in the device include 
a photoelectric cell electronic relay (Lafa- 
yette Radio Electronics Corporation KT- 
133), solenoid-controlled gas valve (Auto- 
matic Switch Co., No. 82652 


drain tubing (three-fourths inch wide and 


Penrose 


10 inches long), glass tubing (1 inch inside 
2 No. 6 two- 


hole rubber stoppers, 2 No. 1 two-hole rub- 


diameter and 12 inches long) 


ber stoppers, 2 capillary tubes (6 mm. out- 
side diameter), glass tubing (6 mm. outside 
diameter, 4 mm. inside diameter), scale 
(Continental Scale Corp., Chicago, Illinois) 


and a pilot light assembly. 


OPERATION 


The capillary tubes and delivered gas 
pressure are chosen so that rates of change 
of flow are suitable for the conditions; for 
example, 20 ml. per minute per minute 
increase or decrease, with flow of 400 ml. 
per minute at 130 mm. mean pressure. The 
pneumatic chamber is initially filled with 
gas to allow approximately proper outflow: 
for example, 20 ml. at atmospheric pressure. 
After surgical procedures are completed, 
and before the blood flows are started, the 
balance weight is adjusted so that the 
pointer is at the null point, that is, the 
subject is “weighed.” The automatic device 
is turned on, and the blood flows started. 
Initial profound mismatch can be corrected 
manually by adding or subtracting gas from 
the pneumatic chamber via_ the port 
provided. 


Financial support was obtained through the 
kind cooperation of Dr. Frank C. Ferguson, Jr., 
Professor and Chairman of the Department of 
Pharmacology, Albany Medical College. 
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Effects of chemotherapeutic agents 
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ivergent results have been reported 
in the literature from studies of wound heal- 
ing after the systemic administration of 
alkylating agents and antimetabolites." * * * 
Because of this fact and the increasing use 
of perfusion techniques in cancer chemo- 
therapy as an adjunct to or in combination 
with surgical procedures, we were prompted 
to study wound healing in dogs by isolated 
limb perfusion with Mustargen* and Metho- 


trexate.f 


MATERIALS AND METHOD 


Twenty healthy adult mongrel dogs of 
both sexes were anesthetized with Nembutal 
(30 mg. per kilogram of body weight) and 
catheters were introduced through the ex- 
ternal iliac vessels and positioned at the 
lower femoral triangle. Thigh tourniquets 
were placed proximal to the catheters. The 
catheters were attached to a pump-oxygen- 
ator systemt and perfusion of each limb 
carried out for from 30 to 60 minutes at 
flow rates averaging 200 ml. per minute. 
The venous return was collected by gravity 
Public Health Research 


Supported by United States 


Grant CY4579 C. 
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‘Nitrogen mustard, Merck Sharpe & Dohme, Philadel- 
phia, Pa. 

+Pteroylglutamic acid, Lederle Laboratories, Pearl River, 
NY: 

‘Sigmamotor pump, 
North Chicago, II. 


Pulmo Pak, Abbott Laboratories, 
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administered by isolated 
perfusion upon 


wound healing 


drainage and monitored by a flow meter 
which consisted of a graduated glass cylinder 
placed proximal to the venous reservoir. One 
hundred per cent oxygen was used in the 
disposable plastic oxygenator at a flow rate 
of from 1.5 to 2 L. per minute. Fresh hepa- 
rinized donor blood was used as the per- 
fusate. The oxygen saturation of the per- 
fusate approached 100 per cent, with a 
negligible arteriovenous difference after the 
first 3 to 5 minutes of perfusion. The pH, 
electrolyte concentration, blood sugar level, 
and hematocrit of the perfusate remained 
within physiologic limits, save for certain 
specific changes. 

The blood sugar determinations in 6 dogs 
during perfusion showed a fall in the blood 
sugar levels in the isolated circuit that aver- 
aged 13 mg. per cent in 30 minutes, whereas 
the systemic blood sugar levels rose 14 mg. 
per cent, on the average, in the same time 
period. The carbon dioxide tension and 
bicarbonate values showed a marked de- 
crease. However, the pH remained neutral 
or slightly alkalotic. The maximal pH _ of 
the isolated circuit was 7.640. 

Vascular isolation of the perfused limb, 
as measured by a T-1824 dilution technique, 
averaged 85 per cent retention within per- 
fused circuit after 30 minutes and 65 per 
cent retention after 60 minutes of per- 
fusion®: 7 

In each dog, the drug was administered 
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Table I 
| Group A Group D 
(HN2 and Group B Group C (Methotrexate 
simultaneous (HN2 3 days (HN2 3 days | and simultane- 
wounding, after wounding, | before wound- | ous wounding, 
| 8 dogs) 3 dogs) ing, 3 dogs) | 4 dogs) Control (2 dogs 
| Treated|Control | Treated|Control | Treated|Control | Treated|Control | Perfused W ounde 
Tissue Edema 4+ O 4+ O 4+ O O O O O 
Clinical 
wound heal- 
ing 
Normal xX X xX X xX xX X X X 
Delayed X 
Histologic 
changes 
Abnormal 
fibroblasts X O X O O O O O O O 
Delayed 
repair ‘ O O O O O O O O O 
Average 
maximum 
weight loss 1.1 Kg. 1.3 Kg. 0.8 Kg. 1.0 Kg. 0.4 Kg. 





to one limb only, with the contralateral 
limb acting as a control. Nitrogen mustard 
was given in divided doses to a total of 0.8 
mg. per kilogram of body weight during the 
30-minute perfusion.* A unit per weight 
dosage schedule was not employed for 
Methotrexate, however. Rather, a single dose 
of 25 mg. was given at the start of a 60- 
the 
parenteral administration of 12 mg. of Leu- 
covorin. Multiple identical incised wounds 


were made in the thighs bilaterally. 


minute perfusion with simultaneous 


Two dogs, acting as controls, received 
wounds in one limb without associated per- 
fusion. Simultaneous wounding and 
fusion were carried out in the opposite limb, 
but without drug. The 14 dogs which re- 
ceived nitrogen mustard were divided into 
3 groups. In 8 dogs, Group A, the wounds 
were created during perfusion. The 3 dogs 
of Group B were wounded 3 days prior to 
perfusion, and the 3 dogs of Group C at a 
similar interval after perfusion. A total of 4 


per- 


dogs, Group D, received Methotrexate, and 
in these wounding and perfusion were per- 
formed concurrently. 

‘The incised wounds were systematically 
biopsied throughout the postperfusion period. 


Biopsy specimens were fixed in a mixture 





of 50 per cent formalin and 50 per cent 
absolute alcohol for 48 hours. Multiple sec- 
tions of each biopsy specimen were stained 
with hematoxylin and eosin, Masson’s tri- 
chrome, Laidlaw’s stain, and P.A.S. (periodic 
acid—Schift ) 
used to evaluate 


stain. These techniques were 
fibroblastic 


the 


inflammation, 


response, vascularization, and appear- 
ance of reticulin and collagen fibers. Gross 
observations pertinent to wound healing 
were also recorded. In the _ postperfusion 
period, serial weight determinations and 
hematologic studies of the peripheral blood 
were obtained to evaluate drug toxicity. All 
animals received penicillin and streptomycin 
intramuscularly daily for 1 week. Collodion 


was applied daily to the wounds. 


RESULTS 

The pertinent results are presented in 
Table I. As noted, in the controls and the 
dogs of Group D treated with Methotrexate, 
there was neither development of tissue 
edema nor clinical or histologic evidence of 
impaired wound healing. 

All 14 limbs in which nitrogen mustard 
was carried out developed a 
but This 


became clinically apparent on the third to 


perfusion 


marked transient edema. edema 
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fourth postperfusion day and gradually pro- 
gressed to a pitting edema of the entire leg, 
including the thigh, from the seventh to 
eighteenth postperfusion day. The edema 
subsided and had totally disappeared by the 
twenty-fifth to twenty-eighth postperfusion 
day. During this period of edema, in all 
cases, the femoral pulses were palpable and 
equal and the animals were able to walk 
without a limp after the first 4 to 7 days. 
At postmortem examination, the arterial and 
venous channels were patent with intact 
suture lines. Histologic study showed no ab- 
normalities of the vessels, muscles, or nerves 
of these extremities. 

Clinical study of the wounds in the 8 dogs 
of Group A, in which wounding and _per- 
fusion occurred simultaneously, showed sur- 
rounding erythema of all the wounds and 
in 3 cases there was some degree of infec- 
tion and partial disruption of one or more 
of the incisional wounds. These wounds did 
not appear fully healed until the twelfth to 
fifteenth postperfusion day. In the 6 dogs 
of Groups B and C, there were no objective 
clinical differences in wound healing between 
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the drug-perfused and control limbs. ‘The 
biopsy sites of the incised wounds of all the 
nitrogen mustard—perfused limbs _ healed 
poorly, presumably because of the drug- 
induced edema. Approximately 25 per cent 
of these biopsy sites became disrupted and 
then healed completely by secondary inten- 
tion. 

Atypical histologic differences occurred in 
the nitrogen mustard-treated wounds of 
both Groups A and B. First, abnormal fibro- 
blasts, similar to those in irradiated tissue, 
with bizarre shapes, sizes, and staining char- 
acteristics, appeared both in the wounds 
made concurrently with drug administration 
and in the wounds made 3 days prior to 
perfusion (Fig. 1). These cells could be seen 
as early as the first postperfusion day and 
as late as the seventh day. Second, the 8 
dogs of Group A demonstrated a limited 
transient delay in the reparative process of 
the nitrogen mustard-treated wounds that 
was no longer demonstrable after the twelfth 
to fourteenth postperfusion day. Microscopic 
study showed a delay in active fibroplasia 
and endothelial proliferation until the fourth 





Fig. 1. Abnormal fibroblasts of atypical size and bizarre shapes 24 hours after per- 
fusion and 4 days after wounding. These cells are similar in appearance to those 
seen in irradiated tissue. (Hematoxylin and eosin; x80; reduced “o.) 
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Fig. 2. Eleven days after perfusion and simultaneous wounding. A, Control reveals mature 
granulation tissue. B, Perfused wound shows proliferating fibers and scanty, loosely arranged 
extracellular fibers in a pale staining matrix. (Hematoxylin and eosin; <130:; reduced %.) 


to fifth postperfusion day. The granulation 
tissue appeared filmy and pale-staining with 
a smaller degree of extracellular fibers when 
compared to the control until the eighth to 
tenth postperfusion day. This feature, which 
was not present in Group B, imparted the 
appearance of an over-all decrease in the 
density of scar tissue formation when com- 
pared with the control (Fig. 2). 

During the month after perfusion there 
was no evidence of hematopoietic depres- 
sion, as monitored by serial hemoglobin and 
leukocyte determinations, in any of the 20 
animals. The only sign of systemic toxicity 
in the 14 dogs that received nitrogen mustard 
was a mild, nonbloody diarrhea in the first 
7 to 10 days after perfusion and an average 
maximum weight loss of 1.3 Kg. during the 
first 14 days. By comparison, the dogs which 
received Methotrexate did not develop diar- 
rhea and had an average maximum weight 
loss of 1.0 Kg. In the 2 control dogs, the 
maximum weight losses in the first 2 weeks 


after perfusion were 0.3 and 0.5 Kg. with no 
evidence of diarrhea or distemper. At | 
month after perfusion, all 20 dogs were 
within 0.5 Kg. of their perfusion weights. 


DISCUSSION 

These results indicate that it is possible 
to deliver a high concentration of nitrogen 
mustard to the dog’s hind limb in an alka- 
line perfusate at high oxygen tension. The 
blood pH remains within physiologic limits 
though there is a tendency toward alkalosis, 
believed to be due to carbon dioxide re- 
moval. We may infer from a fall in blood 
sugar levels in the isolated circuit that meta- 
bolic processes are active during perfusion. 
Thus, at the time of perfusion, no conditions, 
except for the presence of the drug, prevail 
within the isolated circuit that might be re- 
sponsible for subsequent abnormalities in 
wound healing. 

Farhat and associates* report that systemic 
nitrogen mustard administration causes a 
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decreased tensile strength in laparotomy 
wounds. Although they attribute this effect 
to the drug, it is possible that the acknowl- 
edged poor nutritional state of their animals 
may have been a contributing factor. Our 
drug-treated animals also experienced weight 
loss in the first 2 weeks after perfusion. The 
animals exposed to nitrogen mustard showed 
a greater average loss than those given 
Methotrexate. However, in only the wounds 
made concurrently with nitrogen mustard 
perfusion did any histologic evidence of an 
impaired reparative process occur. In addi- 
tion, another deterrent to normal wound 
healing, suppuration, was present to some 
degree in all the incised wounds, both con- 
trol and drug-treated. Hence, we may ex- 
clude poor nutrition as a definitive cause of 
impaired wound healing in this group of 
dogs because all the dogs were similarly af- 
fected in this regard but only specific groups 
exhibited histologically atypical patterns of 
repair. Infection also may be absolved as a 
prime factor contributing to a delay in 
wound healing in this experiment, as there 
was no difference between treated and con- 
trol wounds in this regard. 

Rath and Enquist* have advanced the 
thesis that a chemotherapeutic drug might 
be expected to exert its maximal effect upon 
wound healing if administered on the third 
or fourth postoperative day, when fibroplasia 
is at its peak. Our results do not fully sub- 
stantiate this contention. It is only in the 
wounds made at the time of perfusion that 
an early and limited histologic delay in re- 
pair occurred. In addition to the delay in 
fibroplasia, endothelial proliferation, and 
production of extracellular fibers, abnormal 
fibroblasts were seen in these wounds. It 
should be noted that these same abnormal 
fibroblasts, resembling those seen in irradi- 
ated tissue, were seen in the healing wounds 
that were perfused on the third postoperative 
day. In these wounds, however, there was no 
histologic evidence for a delay in the repara- 
tive processes when compared with the con- 
trols. The finding of abnormal fibroblasts 
indicates that apparently the drug had been 
active and did exert an effect, for these cells 
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were not seen in any of the controls. In 
wounds that exhibited a delay in the repara- 
tive process, this delay was first histologically 
distinguishable from the third to tenth post- 
operative day. We do not believe there is a 
lag period before the drug is effective, for 
undoubtedly the drug was active in these 
wounds at the time of administration.° With 
our method of histologic evaluation, how- 
ever, no differences between the treated and 
control wounds were noted in the first 48 
hours after perfusion. Although it was an 
observed fact that the abnormal fibroblasts 
were present in both groups of healing 
wounds, we may only speculate as to the 
reason why a delay in the reparative process 
appears confined to only that one group. 
Perhaps, because of the greater number of 
fibroblasts present in a wound perfused at 
the height of fibroplasia, the effect of the 
drug does not succeed in causing an over-all 
impairment of the expected pattern of. the 
reparative process. Therefore, if only slight 
differences in the degree of wound healing 
were present in these wounds, our histologic 
evaluation may not have been sufficiently 
sensitive to distiiguish any objective differ- 
ences from the controls other than the ap- 
pearance of abnormal fibroblasts. 


CONCLUSIONS 


1. All limbs perfused with nitrogen mus- 
tard developed marked transient edema. 

2. Abnormal fibroblasts, as seen in irradi- 
ated tissue, were found in some of the nitro- 
gen mustard-treated wounds. 

3. An early clinical and histologic delay in 
wound healing occurred when wounding and 
nitrogen mustard perfusion were performed 
simultaneously, but no demonstrable delay 
was noted with other schedules. 

4. A single isolated Methotrexate perfu- 
sion failed to show exidence for cytotoxicity 
in terms of tissue edema, delay in wound 
healing, or abnormal histologic findings. 


The authors are indebted to Dr. Raffaele Lattes 
for his guidance, encouragement, and evaluation 
of histologic data. Photomicrographs were taken 
by Nat C. Kantor and Edward Hajjar. 
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apidly induced liver _ infarction, 
caused by ligation of the afferent blood 
supply to a liver lobe bearing tumor, was 
well tolerated by rats and yielded a high rate 
of regression of tumor.* 

Because it is known that dogs die if a 
relatively small piece of liver is left free in 
the abdominal cavity,?»® the dog was se- 
lected as the subject for further investiga- 
tion. The cause of death is the development 
of liver gangrene in which growth of pri- 
marily anaerobic gas-producing bacteria can 
be observed. Death due to liver autolysis can 
be reduced by use of penicillin.* Interruption 
of the arterial blood supply to the liver is 
followed by focal to massive parenchymal 
necrosis with a high mortality rate. The use 
of antibiotic treatment prevents necrosis and 
death in the majority of cases.* * ° 

The presence of dead liver tissue within 
the abdomen may be completely harmless in 
the absence of infection. In autopsies of 
human subjects healed liver infarcts have 
been found which had no relationship to 
the cause of death.*: 1° It therefore seems 
possible that infarction of a large portion of 
the liver is compatible with life, provided 
that infection is prevented, as long as a 
sufficient for main- 


portion of the liver 


tenance of normal function is present. Thus, 
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application in the field of cancer surgery 
may be found. 

In the present study, clinical, certain bio- 
chemical, and the pathologic findings are re- 
ported as they occurred after ligation of the 
blood supply to from 30 to 70 per cent of 
the liver in dogs. 


MATERIALS AND METHODS 


Twenty-six healthy mongrel dogs of both 
sexes, from 1 to 5 years old, were used. 
General anesthesia was induced by the intra- 
venous injection of thiopental sodium (25 
mg. per kilogram) and continued with ether 
administered via an endotracheal tube. The 
abdomen was opened through a midline in- 
cision. Ligation of the vessels in the porta 
hepatis to the lobes to be infarcted was 
carried out in Groups I, III, and IV. The 
vessels and duct in the porta to each indi- 
vidual lower lobe were cleanly dissected and, 
after proper identification, ligation was per- 
formed. In Groups II and V, the collateral 
blood supply was interrupted in addition to 
the ligations in the porta by dissection of all 
ligaments and other supporting structures. 
Whenever necessary, the hepatic branches 
of the phrenic arteries were ligated. The 
groups are listed in Table I. Various com- 
binations of ligations were made in an at- 
tempt to infarct from 31 to 69 per cent of 
the animals’ livers. No  cholecystectomies 
were performed in dogs in which the right 
central lobe was infarcted. 
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Table I. Operative procedure, treatment, and fate of all dogs 














Collaterals o of | Died after | Sacrifice: 
Dog No. Lobes ligated* dissected} infarction} | Antibiotics§ (hr.) after 
Group I 
1 LL, LCL no 46 no 14 
2 RL no 31 no iW 
3 RL no 31 no 9 
Group II 
+ LL, RCL, LCL yes 69 yes 7 
5 LL, RCL, LCL yes 69 yes 24 
6 LL, LCL, RCL yes 69 yes 24 
Group IIT 
7 LL, RCL, LCL no 69 yes 33 wk 
8 Rika, LCL, RCL no 69 yes 23 wk. 
9 LL, LCL, RCL no 69 yes 10 mo 
Group IV 
10 RL no 31 yes + wk. 
11 RL no 31 yes 3 wk 
12 RL no 31 yes 2 wk. 
13 RL no 31 yes 51% mo 
14 RL no 31 yes 1 wk. 
15 RL no 31 yes 1 yr. 
16 LCL, RCL no 36 yes 2 wk. 
17 LCL, LL no 46 yes 2 wk. 
18 RL, RCL no 54 yes 11 mo. 
Group V 
19 LL, LCL yes 46 yes 3 mo. 
20 LL, LCL yes 46 yes 6 mo. 
21 LL, LCL yes 46 yes 4 wk. 
22 LL, LCL yes 46 yes 3 wk. 
23 iP me LCL yes 46 yes 3 days 
24 LL, LCL yes 46 yes 2 days 
25 LL, LCL yes 46 yes 1 day 
26 LL, LCL yes 46 yes 12 hr. 





*LL, left liver lobe, approximately 29 per cent of total liver by weight. LCL, left central liver lobe, approximately 17 pe: 
cent of total liver by weight. RCL, right central liver lobe, approximately 23 per cent of total liver by weight (without gall 
bladder). RL, right liver lobe, with caudate process, approximately 31 per cent of total liver by weight 


7Collaterals are any afferent blood vessels to the liver which de not enter via the porta hepatis. 


tDevascularized liver portion expressed in per cent of the total liver by weight. 


$Antibiotics used were neomycin, penicillin, and streptomycin. 


With the exception of those in Group I, 
all animals received antibiotic treatment for 
8 days, beginning 2 days prior to operation. 
A 1 per cent neomycin solution was given 
ad libitum as drinking water and daily in- 
jections of penicillin (40,000 U. per kilo- 
gram) and of streptomycin (50 mg. per 
kilogram) were given intramuscularly in a 
depot form. 

Laboratory examinations were carried out 
at weekly intervals, beginning 1 day before 
the operation. These included determinations 
of prothrombin time, alkaline phosphatase 


levels, serum bilirubin levels, serum albumin 
and globulin levels, and Bromsulphalein re- 
tention. The blood uric acid was measured 
and, in some dogs, a uric acid conversion 
test was carried out.’ 

All surviving animals received postopera- 
tively, for from 1 to 4 days, a 10 per cent 
solution of glucose intravenously. Depending 
on the animal’s condition, 10 to 30 ml. per 
kilogram was given per day. 

In all surviving animals, exploratory 
laparotomy was performed from 1 to 4 
weeks after surgical infarction. At this time 
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biopsy specimens of infarcted and regenerat- 
ing lobes were obtained. All animals were 
sacrificed at various intervals as listed in 
Table I. Autopsies were performed immedi- 
ately thereafter and specimens from liver 
and kidneys taken. All specimens were fixed 
in a 10 per cent buffered formalin solution 
and the slides stained with hematoxylin and 


eosin. 


RESULTS 


The 3 dogs of Group I received no anti- 
biotic treatment. All failed to respond in the 
early postoperative period. These animals 
became restless and rapidly lapsed into a 
stuporous state accompanied by the clinical 
picture of shock. There was marked splinting 
of the abdominal muscles. Death occurred 
within 18 hours after operation. The livers 
were found in a state of decomposition with 
abundant formation of gas. A distinctive 
odor was detectable. 

At autopsy disruption of the liver capsule 
was found with contamination of the peri- 
toneal space. There were no pathologic find- 
ings in any of the other abdominal organs. 
Histologically, the lobular structure was de- 
stroyed and necrosis was advancing toward 
the stage of liquefaction. No attempt was 
made to study the bacterial flora. 

All 6 dogs in Groups IT and III underwent 
ligation of the blood vessels to 69 per cent 
of the liver. They received antibiotic treat- 
ment as described. In Group II all ligaments 
of the lobes to be infarcted were dissected. 
The animals all died within 1 day. In Group 
III, however, the collateral circulation re- 
mained intact and the dogs survived. The 
dying animals of Group II did not show the 
pronounced symptoms seen in the animals 
of Group I. They were extremely weak and 
became progressively more obtunded until 
they died. At necropsy the liver capsules were 
found to be intact and gas formation was 
absent. Histologically, there was complete 
coagulation necrosis with preserved lobular 
architecture. The 3 surviving dogs of Group 
III had developed incomplete infarction or 
focal necrosis only, followed by regeneration. 

The 20 dogs of Groups III, IV, and V 
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survived until the time of sacrifice. Early 
postoperative recovery was rapid and un- 
eventful. There was no evidence of peri- 
toneal irritation. No visible icterus occurred. 
The animals appeared normal, ate and drank 
well, and gains in body weight in the post- 
operative period were recorded in all of 
them. Exploratory laparotomies were tol- 
erated well with quick and uneventful re- 
coveries. 

The laboratory studies showed little in the 
way of deviation from normal. In 8 animals 
the prothrombin time remained quite stable 
throughout the 5 weeks of testing and ranged 
from 8 to 11 seconds, which is within the 
normal range for the dog. No additional 
study of the blood clotting mechanism was 
made. 

The serum alkaline phosphatase level be- 
fore operation was from 3 to 8 King-Arm- 
strong units in 8 animals. Two dogs showed 
no change postoperatively while 6 dogs 
showed increases of up to 34 King-Armstrong 
units 1 week after operation. This was fol- 
lowed by a decline to normal levels by the 
fourth week. 

The serum bilirubin level was measured 
in 12 dogs. In 4 animals no elevation over 
the preoperative control figures of less than 
0.2 mg. per cent occurred. The remaining 
8 animals showed increases of up to 0.9 mg. 
per cent in the first postoperative week only. 

In 12 animals, total blood proteins re- 
mained fairly stable throughout the period 
of observation. In 3 animals the globulin 
fraction rose during the second or third 
week of convalescence, with a subsequent fall 
in the fourth and fifth weeks. Two of these 
animals had moderate infections of the in- 
farcted livers, but infections were also found 
in other dogs which showed no globulin 
elevation. 

Bromsulphalein retention measured in 12 
dogs remained normal throughout the ex- 
periments. The uric acid levels ranged from 
0.1 to 0.8 mg. per cent in 9 dogs tested. This 
upper level is quite high for the dog, but 
no morphologic or functional abnormality of 
the liver (including preinfarction biopsies) 
could be found before operation. These 
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Fig. 1. Visceral aspect of dog liver. Right lobe 
and caudate process had been infarcted 2 weeks 


previously. 





Fig. 2. Visceral aspect of dog liver. Sixty-nine 
per cent of the liver had been deprived of blood 
inflow 10 months previously. The arrow points at 
the line of separation between the infarcted lobes 
and the lobes which had undergone compensatory 


hypertrophy. 


figures rose after the operation and reached 
levels of 0.9 to 1.6 mg. per cent in all 
animals for 1 or 2 weeks. Return to pre- 
operative values: was observed in the third 
or fourth postoperative week. One animal 
showed a consistently high level of 1.3 to 
1.5 mg. per cent throughout an observation 
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period of 6 weeks. The blood sugar level 
fell in the first postoperative week from 
an average of 74 mg. per cent to an average 
of 59 mg. per cent in the 6 animals tested. 
Thereafter, figures of about 67 mg. pe 


cent were found throughout. 


PATHOLOGIC FINDINGS 


The dogs of Groups III and IV showed 
incomplete infarction. The collateral blood 
supply was left intact and this permitted 
survival of some liver cells. Immediately 
after operation the infarcted lobes were 
slightly enlarged and covered with a film 
of fibrin. Microscopically, there was focal to 
areal necrosis with a corresponding collapse 
of the reticulum. These areas were infiltrated 
with polymorphonuclear leukocytes and 
eosinophils which formed demarcating mar- 
gins where larger areas of ischemic coagu- 
lation necrosis had formed. From 10 to 50 
per cent of the liver cells were found to be 
morphologically normal. ‘These were the 
origin of the regenerative lobules. Lacunae 
of liquefaction were found after 1 week 
located centrally in the necrotic field. ‘The 
periphery was better preserved. Fibroblasts 
proliferated from the capsule, the portal 
triads, and also from within lobules in 
places where hepatic cells had disappeared. 
Two or more weeks after infarction, the 
lobes became more firm and decreased in 
size by 50 to 80 per cent (Figs. 1 and 2). 
Fibroblastic proliferation was the dominant 
feature microscopically. Within the areas of 
postnecrotic fibrosis, bile duct proliferation 
occurred to a moderate extent. Histiocytes 
appeared in the fibrous network. In some 
cases the inflammatory reaction nearly dis- 
appeared while in others the formation of 
purulent exudate and fibroblastic prolifer- 
ation proceeded. Fresh hemorrhages of 
smaller or larger size occurred at any time, 
giving rise to new centers of organization. 
Gradually, a strong, fibrous capsule was 
formed. The fibrils of the capsule late 
showed hyaline degeneration. At this time 
the lobes were found in active regeneration. 
They became larger again, as was spe- 


cifically confirmed in Dogs 9, 15, and 18. 
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New lobules were formed which were irreg- 
ular in architecture and outline. The central 
veins were absent in these lobules. Scars 
were scattered throughout the regenerating 
lobe and were especially prominent around 
the portal triads. The reactions in these 
dogs can be summarized as_postnecrotic 
atrophy and fibrosis interspersed with foci 
of either ischemic or hemorrhagic necrosis 
followed by regeneration. 

In the 8 dogs of Group V, the collateral 
circulation was interrupted in addition to the 
ligation performed in the porta _hepatis. 
These dogs responded with subtotal to total 
infarction. Postoperative areas of congestion 
occurred which in time increased in size to 
form ill-defined areas of hemorrhagic ne- 
crosis. Plasma cells and granulocytes, pri- 
marily eosinophils, infiltrated the foci of 
collapsed liver parenchyma and spread dif- 
fusely within and around the portal triads. 
After 2 days, areas of ischemic necrosis had 
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formed. However, there were large areas 
of wide, blood-filled sinuses between sep- 
arated liver cell chords, the cells of which 
were flattened and decreased in number 
(Fig. 3). From the liver capsule, polymor- 
phonuclear leukocytes entered and formed 
margins around ischemic foci (Fig. 4). The 
latter exhibited lacunae of liquefaction. Be- 
tween the second and seventh days, a fibrotic 
process set in, separating the areas of 
necrosis. Some minor proliferation of bile 
ducts was seen after from 3 to 4 weeks within 
the fibrotic network. The most remarkable 
observation was the survival of small islets 
or strands of well-preserved liver cells in 
more than 50 per cent of the cases. This 
led, after 3 or more months, to regeneration 
of liver parenchyma. The new lobes were 
characterized by their great irregularity and 
the lack of central veins. Old portal triads 
remained within a mass of scar. New portal 
areas were formed containing bile ducts, 





Fig. 3. Hemorrhagic infarction. Many liver cells have disappeared and there is some invasion 
of polymorphonuclear leukocytes from the liver capsule (24 hours after ligation). 
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Fig. 5. Regenerated liver after subtotal infarction (6 months after ligation) 
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veins, and arteries which were embedded in 
an interstitium consisting of round cells of 
mesenchymal appearance (Fig. 5). Fibrosis 
led to a fairly dense lobar capsule which 
was adherent to surrounding structures. 
Hyalinization of fibrils was seen in it after 
6 months. The pathologic results justify the 
application of the term subtotal to total in- 
farction of both the hemorrhagic and the 
ischemic types. This was followed by ir- 
regular and incomplete regeneration. Re- 
generated lobes were 25 to 50 per cent of 
their normal size. 

No abnormality could be seen in other 
organs. The noninfarcted liver lobes com- 
pensated by regeneration. The kidneys were 
always free of any changes which could 
possibly be traced to the infarctions. 


COMMENTS 


Lobar liver infarction in dogs can be 
accomplished without death or the occur- 
rence of any significant physiologic abnor- 
mality. A prerequisite is the control of 
infection by an adequate antibiotic regimen. 
However, even in the absence of infection, 
the dogs did not tolerate total infarction of 
more than one-half of the total liver vol- 
ume. 

Not all dogs of Groups III and IV de- 
veloped infarction. Many responded with 
focal necrosis only. Therefore, a much 
smaller portion of the livers can be regarded 
as having been infarcted than is shown in 
Table I. Some dogs of Groups III and IV 
and all dogs in Group V developed total 
or subtotal liver infarction in the lobes 
deprived of blood supply. They not only 
survived infarction of almost half of the 
liver, but also recovered uneventfully. 

The animals of Group II died after 69 
per cent of the livers had been successfully 
infarcted, in spite of antibiotic treatment. 
The cause of death in this group remains 
unclear especially when one recalls that re- 
section of this amount of liver is well tol- 
erated in dogs. It is possible that the fatal 
outcome is associated with the rapid en- 
zymatic breakdown of a large mass of liver 
parenchyma. 
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When the ligations were restricted to the 
vessels in the porta hepatis, infarction oc- 
curred only rarely. When ligations were 
combined with resection of all accessible 
collateral blood vessels to the same liver 
lobes, infarction was produced in all cases. 
In most dogs, however, smaller or larger 
groups of liver cells apparently survived 
and it is believed these were the basis 
for later regeneration. It is interesting to 
note that regeneration never began before 
the tenth week, a time at which fibrotic 
proliferation was no longer a_ prominent 
part of the repair process. It remains ques- 
tionable whether vascular ligation at the 
porta hepatis alone is a reliable method of 
producing lobar liver infarction. 


SUMMARY 


Lobar liver infarction is tolerated well in 
the absence of infection. The question of 
how much of the liver can be infarcted 
safely cannot be answered. However, it ap- 
pears safe to infarct up to approximately 
one-half of the liver. Vascular ligations can- 
not be depended upon to produce total 
infarction unless all collateral blood vessels 
are also ligated. Regeneration may occur 
in the infarcted areas of liver even when 
both the major and collateral blood vessels 
are ligated. No major physiological alter- 
ations were observed when 50 per cent of 
the liver was infarcted. 


The authors thank Mrs. Theresa Bittner for 
her technical assistance and Dr. Elias Cohen and 
Mr. Kenneth Buchwald for laboratory determina- 
tions. 
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Ithough the methods for cardiac 
resuscitation after cardiac fibrillation have 
received much attention during the past 
30 years, present procedures, particularly 
cardiac massage, are based largely on em- 
pirical data. Furthermore, most resuscitation 
studies have been concerned with the heart 
only.® ° The purpose of this paper is to show 
an associated action of the sympathetic ner- 
vous system that can be utilized in the 
development of a more effective procedure 
for resuscitation of the heart. Although some 
animal experiments were carried out spe- 
cifically for this report, most of the data 
were obtained from over 300 dogs subjected 
to fibrillation and defibrillation while the 
effects of various factors on cardiac arrest 
were studied. 


METHODS 
Mongrel dogs which weighed 5 to 17 kilo- 


grams were anesthetized with 30 mg. per 
kilogram of pentobarbital sodium. The chest 
was opened on the left side at the level of 
the heart. Mean arterial pressure was meas- 
ured with a mercury manometer attached 
to the femoral artery. Fibrillation was ef- 
fected by application of a bipolar electrode 
to the pericardium and stimulation with 15 
volts (thyratron discharge) at 60 cycles per 
second. After various periods of circulatory 
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arrest, cardiac massage was instituted and 
continued for 30 minutes. 

Samples of blood were obtained from the 
ascending aorta by use of an indwelling 
catheter, and the levels of epinephrine and 
norepinephrine in these samples of blood 
were determined by the method described 
by Richardson.* 


RESULTS 


Records were obtained from 30 dogs sub- 
jected to from 5 to 30 minutes of circulatory 
arrest during which time the heart remained 
in fibrillation. Fig. 1 shows one of these 
records. Note that immediately after the 
institution of cardiac massage, the arterial 
pressure was very low, averaging 30 mm. 
Hg, and remained low for approximately 30 
seconds. An analysis of all the records shows 
that this period of low pressure lasted for 
from 15 to 36 seconds with an average of 
28.6 seconds. After this period there was a 
sudden rise in blood pressure to a much 
higher level, occasionally to a level even 
higher than the control arterial pressure. ‘The 
average pressure rise was to 101.5 mm. Hg, 
ranging from 64 to 140 mm. Hg. The du- 
ration of the period of high pressure, meas- 
ured from its sudden beginning to the point 
at which the arterial pressure became con- 
stant, averaged 2.8 minutes. After this 
period of high pressure, the arterial pressure 
fell to a constant value of from 20 to 65 mm. 
Hg, depending upon the technique of mas- 
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Fig. 1. The pressor response after 11 minutes of circulatory arrest. Time interval 


is 5 seconds. 


sage used, and usually declined very slowly 
over the remaining period of time. 

Upon initiation of cardiac massage, the 
heart always felt very flabby. It was in rapid 
or fine fibrillation if the period of circulatory 
arrest had been of short duration, but the 
fibrillatory process had degenerated to the 
coarse type if the period of arrest had been 
very long. During the first 30 seconds of 
massage, there was usually no appreciable 
change in the fibrillatory process or in the 
tone of the heart. Concomitant with the 
sudden rise in pressure, the tone of the heart 
changed drastically. It became much firmer 
and much harder to compress. Also, fibril- 
latory activity soon became more noticeable 
and quickly changed to the fine fibrillatory 
type. After the period of high pressure had 
passed, the heart tone became poorer. ‘The 
fibrillatory process became less fine and pro- 
gressed toward the coarse type. With con- 
tinuing massage, the condition of the heart 
was largely a function of the height of the 
arterial pressure. If the massage pressure was 
high, the heart continued to fibrillate vigor- 
ously, but if the massage pressure was low, 
the heart was extremely flabby and fibril- 
lation was not always evident. The rise in 
pressure beginning approximately 30 sec- 
onds after the initiation of massage and 
lasting for approximately 3 minutes will 


henceforth be referred to as the “pressor 
response.” 

Fig. 2 shows the pressor response curve 
and the amounts of epinephrine and _nor- 
epinephrine present. The fluorimetric deter- 
minations were made on only 6 dogs and 
the curves show the average for the 6 dogs. 
The values for epinephrine and norepineph- 
rine before the institution of cardiac mas- 
sage and up to 30 seconds after the initiation 
of cardiac massage are within the normal 
range. However, a sudden and very drastic 
rise in these values occurs just before the 
arterial blood pressure rises. The duration of 
the pressor response corresponds to the du- 
ration of the presence of large quantities of 


epinephrine and norepinephrine. 


DISCUSSION 


Usually attention is focused only on re- 
suscitation of the heart, with very little at- 
tention to other reactions of the body. In 
conditions of severe anoxia, there is a mass 
sympathetic discharge that causes widespread 
vasoconstriction and the liberation of epi- 
nephrine and norepinephrine. There is every 
reason to expect this to occur after sudden 
cessation of the circulation, but the absence 
of blood flow precludes the liberated 
products from becoming immediately ef- 
fective. With the onset of cardiac massage, 
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these products, already present in the blood 
stream, reach the heart and arterioles and 
produce the response described. ‘The products 
were chemically identified and a small dose 
of epinephrine produced an identical pres- 
sor effect. 

Knowledge of the “pressor response” 
offers a suggestion for a method of resusci- 
tation in which the beneficial effects of the 
response are utilized and the detrimental 
effects are avoided. Even a heart that has 
been in fibrillation for over 5 minutes can 
be easily defibrillated; however, the muscu- 
lature is so weak that cardiac massage is 
necessary to reoxygenate the heart. Cardiac 


massage plus the effect of epinephrine wey 


the weak anoxic heart makes a reversion t 
fibrillation almost a certainty, as evidenced 
by the results of Wegria.* In fact, Wegria 
injected epinephrine into the ventricles be- 
fore attempting defibrillation, and he had to 
use up to 19 “shocks” before defibrillation 
could be effected. Thus, if a high level of 



















Physiologic method for cardiac resuscitation 761 


epinephrine is present in the perfusing blood, 
defibrillation is extremely difficult. ‘Therefore, 
defibrillation should not be attempted until 
the end of the “pressor response.” Even if 
defibrillation can be effected, the arterial 
blood pressure, under the stimulus of the 
epinephrine, rises to extremely high and 
dangerous levels. Thus, it is far better to 
massage the heart for 3 to 4 minutes, allow 
the pressor response to run its course, dis- 
sipate the pressor catecholamines, and im- 
prove the oxygenation of the heart. Occlusion 
of the aorta has not been found necessary 
to increase coronary perfusion during this 
period. At the end of the 3- to 4-minute 
period, the heart is well oxygenated, or as 
well oxygenated as it will become unless the 
arterial pressure remains high. Defibrillation 
at the end of the pressor response can usually 
be effected with only 1 “shock” from the 
defibrillator, and only occasionally have more 
than 2 “shocks” been necessary in a large 
series of experiments. 
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Fig. 2. Epinephrine, norepinephrine, and arterial pressure during resuscitation after 


10 minutes of circulatory arrest. 
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If the heart has been anoxic for extremely 
long periods of time, the 3-minute period 
may not afford adequate time for reoxygen- 
ation. In this case, it has been found desir- 
able after a period of cardiac massage to 
produce an artificial pressor response by the 
injection of epinephrine. By using this pro- 
cedure, we have resuscitated anoxic hearts 
after 75 minutes of fibrillation and circu- 
latory arrest, provided that measures had 
previously been taken to prevent intravas- 
cular coagulation.” * 


SUMMARY 


The arterial blood pressure during cardiac 
massage after a period of circulatory arrest 
was studied. Immediately after the insti- 
tution of cardiac massage, the blood pressure 
rose to 30 mm. Hg and remained at this 
level for approximately 30 seconds. A sudden 
rise in the blood pressure occurred after the 
30-second period, and the blood pressure 
remained elevated for from 3 to 4 minutes. 
Measurements of epinephrine and _ norepi- 
nephrine levels were made. These products 
were secreted into the blood stream after 
fibrillation of the heart, but had no effect 
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until cardiac massage transported them io 
their site of action. The effect of these s - 
cretions on defibrillation of the heart is dis- 
cussed, and a better method for cardiac 
resuscitation is described. 
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Extracorporeal circulation combined 
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uring the past few years deep hypo- 
thermia (below 25° C.) has been applied 
to open-heart surgery. Deep hypothermia 
alone or with extracorporeal circulation, with 
or without an oxygenator, has been used 
experimentally and clinically. The combina- 
tion of these techniques, however, is not 
necessarily associated with a proportionate 
increase in the occurrence of complications 
as many people have emphasized. In recent 
years we have performed experimental work 
with dogs and many in vitro studies to in- 
vestigate the mechanisms of deep hypo- 
thermia. This communication is a report of 
some of our results. 


HEMOLYSIS 


During cardiopulmonary bypass, a_pro- 
gressive hemolysis was observed, depending 
on the type of oxygenator, filter, and du- 
ration of the perfusion. This observation 
is well known. There is a controversy in the 
literature over whether this effect stays the 
same or increases at low temperatures. Using 
a model for in vitro experiments which con- 
sisted of a reservoir, pump, screen oxygen- 
ator, filter, and plastic connections, we found 
the priming volume of the system to be 
most important. By recirculating the same 
priming volume as used with human beings 
(with our system, 3.5 L.), at a rate of 4 L. 
per minute for 114 hours at normothermia, 
we found the average total plasma hemo- 
globin produced to be 60 mg. per cent. 
There was no significant increase when we 
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with deep hypothermia 


performed the experiment at 5° C. under the 
same conditions. 


VISCOSITY 


It is known from experiments in vitro 
that the viscosity of whole blood increases 
with decreasing temperature. Continuous re- 
cording of viscosity in animal or human 
studies during deep hypothermia has not 
as yet been performed, as least not to our 
knowledge. With the Ostwald Viscosimeter 
we measured whole blood from dogs, oxen, 
normal human subjects, and patients with 
polyglobulia. Some typical results are shown 
in Fig. 1. There is almost no difference be- 
tween a solution of 80 per cent whole blood 
and 20 per cent dextran and whole blood. 
It is of interest that dextran is not suitable 
to counteract the increasing hematocrit 
which is caused by a lowering of the temper- 
ature. Attempts to give dextran at the be- 
ginning of cooling cannot be successful, at 
least not with a dextran of molecular weight 
more than 30,000 to 40,000. This has been 
confirmed by Bjork’ recently. 


OXYGEN SATURATION 


To estimate oxygen saturation with var- 
ious types of oxygenators at low tempera- 
tures, we tested two different principles. 
First, a film oxygenator (screens, Longmire- 
Schmutzer type) was used and then a bubble 
oxygenator (Lillehei-DeWall type). The 
parts of the system for these experiments 
were oxygenator, a Brown-Harrison heat ex- 
changer, 1 De Bakey roller pump, and a 
reservoir for the venous blood. 
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Fig. 1. Viscosity of various fluids depending on 
the temperature (40° to 0° C.). CP, centipoise; 
R, Ringer’s solution; D, dextran, O+R, 80 per 
cent ox blood plus 20 per cent Ringer’s solution; 
O+D, 80 per cent ox blood plus 20 per cent dex- 
tran; O, whole ox blood; N, blood from normal 
human subjects; P, blood from patients with 
polyglobulia. 


Film oxygenator. Priming volume was 
1,500 ml. and flow rate 1,500 to 3,500 ml. 
per minute. There were 10 screens, 30 by 40 
cm. While the blood was being cooled from 
37° C. to 5° C., 150 to 250 ml. was lost in 
the reservoir. By weighing the oxygenator 
during this period, we found that this amount 
lost from the reservoir must be on the 
screens, for the blood level on the bottom 
of the oxygenator remained the same. While 
rewarming the blood to 37° C., we recovered 
in the reservoir the same amount of fluid 
within the limits of 20 to 50 ml. The 10 
screens have a surface area of 12,000 cm. 
If one assumes that the additional blood on 
the screens is distributed equally on each 
screen, it would mean an average increase of 
the thickness of the blood film of between 
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1504 and 250. There is no doubt that the 
thickness of the film is not the same all over 
a screen because of its woven structure. But 
it is of interest that the thickness of the 
film, turbulence, and contact time are the 
parameters which influence the effectiveness 
of oxygen saturation on the screens. One of 
those parameters, the thickness, changes re- 
markably during cooling. Consequently, on 
can expect a decreased capacity with the 
screen oxygenator. Fig. 2, B, shows that this 
was true. In Fig. 2, the capacity of the film 
oxygenator during normothermia compared 
with deep hypothermia is demonstrated with 
3 examples out of 22 experiments with sim- 
ilar results. 

The flow rate without recirculation was 
1,500 to 2,000 ml. per minute. Samples were 
taken from the arterial line, 5 cm. from the 
oxygenator, first after 1 minute and then 
every 15 seconds for as long as the reservoir 
contained venous blood. Oxygen saturations 
were measured with the Brinkman Hemo- 
reflectometer. The capacity during tests in 
normothermia was absolutely satisfactory. 
The 33 to 46 per cent oxygen saturation in 
venous blood was changed to 91 to 95 per 
cent saturation for the arterial blood. Under 
the same conditions, during low tempera- 
tures (5° C.), the oxygen saturations were 
changed from 35 to 43 per cent to only 
60 to 73 per cent. These results show that 
there was a less effective oxygenation during 
deep hypothermia. Practically, this undesired 
effect can easily be compensated for by de- 
creasing the flow rate. It is known from 
many experiments in animals that oxygen 
consumption is about 10 to 15 per cent of 
normal with body temperature at 10 to 15 
C. The flow rates which are necessary during 
deep hypothermia are not essentially a part 
of this communication. From our last experi- 
ments in dogs, however, judging from the 
postmortem examination of the various or- 
gans, particularly the brain, we have good 
reasons to maintain that even at 10 to 15 
C. a higher flow rate is necessary than that 
suggested by arteriovenous oxygen differ- 
ences alone. 

Bubble oxygenator. The same experiments 
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as described were conducted except that 
the screen oxygenator was replaced by 
a bubble oxygenator. During cooling the 
level in the reservoir did not change. The 
parameters for oxygenation should not 
change either, if one knows the principles 
of this type of oxygenator. For those experi- 
ments we used a little trick. It is known that 
a bubble oxygenator of this type is able to 
oxygenate easily 2,000 ml. per minute with 
an average saturation of 60 to 70 per cent 
up to 95 to 98 per cent, if one uses 5 times 
as much volume for the bubbling oxygen 
as for the flow rate. In one part of the 
studies we gave 3 times as much oxygen. 
Thus, in normothermia the saturation went 
up from 36 to 46 per cent to only 74 to 84 
per cent. Under deep hypothermia oxygen 
saturation was absolutely satisfactory (43 to 
48 per cent to 92 to 98 per cent). It is clear 
that if one gives the usual amount of oxygen 
(5 times as much as the flow per minute), 
one would get a complete saturation during 
normothermia and even better saturation in 
hypothermia. Thus, these experiments dem- 
onstrate that the influence of cooling the 
blood leads to different effects in the screen 
and bubble oxygenators with regard to the 
saturation. 


BODY TEMPERATURE DURING 
RAPID COOLING AND 
CIRCULATORY ARREST 


The internal organs reach low tempera- 
tures much faster by blood-stream cooling 
than by surface cooling. It was of interest to 
study what happened to organ temperatures 
during prolonged circulatory arrest. For ex- 
ample, with surface cooling of a 14 Kg. dog 
to 15° C. within about 30 minutes, one can 
get an increase in esophageal and rectal 
temperature during the circulatory arrest, 
in this case of about 5° C. (Fig. 3). In a re- 
peat experiment in which extracorporeal 
cooling with the same flow rate and the 
same temperature of the heat exchanger 
fluid was maintained for 10 minutes after 
the desired temperature had been reached, 
esophageal and rectal temperature did not 
change. 
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PRESSURE-FLOW CURVES 


It is necessary to cool the blood down to 0 
to 5° C. in order to achieve a 10 to 15° C. 
central body temperature. This cooling pro- 
cedure is followed by a progressive increase 
in the systolic, diastolic, and mean pressures 
in the arterial line. These changes are dif- 


ferent for every system and depend on the 
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Fig. 2. A, Saturation of bubble oxygenator. 
B, Screen oxygenator in normothermia and deep 
hypothermia. 
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Fig. 3. Fourteen kilogram dog in deep hypo- 
thermia by the method of Drew. J, Esophageal 
temperature; JJ, rectal temperature. Single arrow 
indicates beginning of the cooling with the Brown- 
Harrison heat exchanger. Double arrow marks 
period of circulatory arrest. 
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Fig. 4. Flow-pressure curves during normothermia 
(N) and hypothermia at 5° C. (H). A, Mayo 
cannula for iliac artery, 2.7 mm. interior diameter. 
B, Cannula 4.4 mm. interior diameter. 


kind of plastic tubes and whether plastic 
or rubber is used in the pump. To show the 
range which can be expected, Fig. 4, B, illus- 
trates an experiment with the Mayo cannula 
for an iliac artery. The diameter of the 
largest cannula is 4.4 mm. There is an in- 
crease in systolic pressure of about 70 mm. 
Hg and in mean pressure of about 50 mm. 
Hg with cooling from 37° to 0° C, This 
was more impressive with the small cannula 
(Fig. 4, A). Cooling creates a pressure 
gradient of more than 120 mm. Hg from the 
normothermic state. As we do not have 
enough clinical experience, the indications 
for the combination of extracorporeal cir- 
culation and deep hypothermia remain a 
question with us. We agree with Kirklin® 
that in small children and in patients with 
certain complicated anomalies, cooling prom- 
ises more success than the usual normo- 
thermic perfusion. Concerning deep hypo- 
thermia alone, we believe that in cases of 
congenital or acquired heart disease, the use 
of deep hypothermia is at least problematic. 
Rats and mice are able to undergo a spon- 
taneous rewarming, but for human beings 
artificial rewarming is necessary. The method 
of Ishikawa and Okamura‘ includes heart 
massage for the first period of surface re- 
warming. Even if massage is done as careful 
as possible, it is dangerous in cases in which 
a ventricular septal patch or an outflow tract 
patch is used. Who can decide from the 
very beginning of the operation in cases of 
large ventricular septal defects or tetralogies 
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of Fallot whether or not one would need to 
use a patch? This is perhaps the reason why 
Ishikawa and Okamura applied their method 
particularly in cases in which a high risk 
was involved (esophageal and lung cancer, 
and so forth). Degree of risk might be an 
indication. On the other hand, it is not 
necessary to cool patients with an atrial sep- 
tal defect of the secundum type to 15° or 
20° C. if a satisfactory closure is possible 
with a circulatory arrest of 3 to 6 minutes 
at a temperature between 28° and 30° C. 

In this paper we discussed some general 
questions which have arisen concerning the 
combination of extracorporeal circulation 
and deep hypothermia. Additional studies 
are necessary to obtain more information 
about the possibilities and the limitations of 
this combination. 


SUMMARY 


Some problems are discussed which are 
related to the combination of extracorporeal 
circulation with deep hypothermia. With two 
different types of oxygenators (screen and 
bubble oxygenators) the saturation by the 
screen oxygenator was less effective at low 
temperatures than by the bubble oxygenator. 
After rapid cooling there may be a remark- 
able increase in body temperature during 
prolonged circulatory arrest. The arterial 
line pressures increase at low temperatures 
much more than during normothermia, de- 
pending on the size of the cannula and the 
flow rate. Finally, deep hypothermia alone 
compared with the combination of extra- 
corporeal circulation and deep hypothermia 
is briefly discussed. 
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cholanthrene-induced 


leukemia 


e have previously reported the ob- 
servation of local development of squamous- 
cell carcinoma in the isologous strain of 
DBA/1 mouse painted with methylcholan- 
threne.* The transfer of normal appearing 
full-thickness ventral skin to unpainted 
DBA/1 mice resulted in the development of 
local lymphosarcoma. Induced squamous- 
cell carcinoma, when transferred subcutane- 
ously to normal DBA/1 mice, resulted in a 
reduplication of the original neoplasm. None 
of the skin or tumor implants survived in a 
control CFW strain of mice. 

Normal appearing skin grafts of varying 
thickness, spleen, and serum obtained from 
DBA/1 mice painted with methylcholan- 
threne resulted in lymphatic leukemia when 
transferred to a normal isologous mouse.* 

The present study on mice with experi- 
mentally induced leukemia is a continuation 
of our previous observations to confirm the 
presence of a causative viral agent. 


METHODS 


A 0.6 per cent solution of 20-methyl- 
cholanthrene in a reagent grade of benzene 
was painted on the dorsal unepilated inter- 
scapular skin of DBA/1 mice with a No. 4 
camel-hair brush. A single stroke delivered 
about 0.1 mg. of methylcholanthrene. Paint- 
ings were carried out on DBA/1 mice 3 times 
weekly for 9 or 12 weeks. Lymphatic leu- 
kemia appeared 5 to 10 months after the 
application of methylcholanthrene had been 
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stopped. A total of 161 mice was used in 
these experiments. The presence of induced 
leukemia at autopsy was reflected by spleno- 
megaly, generalized adenopathy, and liver 
congestion. Microscopic confirmation of leu- 
kemia was obtained by impression smears of 
the cut surfaces of the spleen and bone mar- 
row prepared with Wright’s stain. Routine 
sections and staining with hematoxylin and 
eosin were made of all abnormal tissues. 

Spontaneous leukemia has not been ob- 
served in DBA/1 strain mice by us during 
an observation period lasting 1 year. 

Cellular suspensions of leukemic tissues o1 
cell-free filtrates, 0.5 ml. in amount, were 
injected intraperitoneally. Cellular material 
for intraperitoneal injection was prepared 
by finely mincing leukemic tissue with scis- 
sors and making a 20 per cent suspension 
with 0.85 per cent saline solution. 

Cell-free filtrates were prepared by finely 
mincing leukemic tissue, grinding with 
mortar and pestle, and making a 10 per 
cent suspension with 0.85 per cent saline 
solution. This suspension was passed through 
a Selas No. 03 filter to obtain a cell-free 
solution. 

Experiment A. Cellular passage of leu- 
kemia in an isologous strain of DBA/1 mice. 
The donor source of inoculum was the leu- 
kemic cellular suspension of spleen and liver 
of DBA/1 mice painted 3 times weekly for 
12 weeks with methylcholanthrene. Fifty- 
eight DBA/1l mice were divided into 9 
groups. Autopsy was performed on each 
group from 8 to 38 days after injection. 























Volume 49 
Number 6 


Each succeeding group of autopsied animals 
provided the leukemic cellular suspensions 
for serial passage. Lymphatic leukemia was 
transmitted by serial passage in 31 of 58 
DBA/1 mice (Table I). 

Experiment B. Passage of leukemia by in- 
duced squamous-cell carcinoma in an isolo- 
gous strain of DBA/1 mice. The source of 
inoculum was tissue obtained from cutane- 
ous squamous-cell carcinoma in DBA/1 mice 
which had been painted 3 times weekly for 9 
weeks with methylcholanthrene. The tumor 
was minced, made into a 20 per cent suspen- 
sion, and immediately injected intraperi- 
toneally. A lymphatic leukemia developed in 
4 of 6 mice. Again each succeeding autop- 
sied group of animals provided leukemic 
cells for serial passage. Thirty-two of 50 
DBA/1 mice so treated developed leukemia 
(Table IT). 

Experiment C. Transfer of leukemia in 
heterozygous CFW mice with cell-free fil- 
trates of DBA/1 leukemic tissue from mice 
painted for 12 weeks with methylcholan- 
threne. A cell-free filtrate from the leukemic 
spleens and livers of DBA/1 mice painted 
with methylcholanthrene for 12 weeks was 
inoculated into an in vitro culture of Mc- 
Coy cells for 4 serial passages at 48-hour 
intervals. In each instance a cytopathogenic 
effect was produced. At the completion of 
the last cell-culture passage, 0.2 ml. of cell- 
free filtrate was injected intraperitoneally 
into 10 CFW mice. Lymphatic leukemia de- 
veloped in 1 of 10 CFW mice. A cellular 
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suspension of leukemic liver and spleen of 
this mouse was then injected and serially 
passed with the development of leukemia in 
6 of 19 CFW mice (Table III). 

Experiment D. Transfer of leukemia in 
heterozygous CFW mice with cell-free fil- 
trate of DBA/1 leukemia tissue from mice 
painted for 9 weeks with methylcholan- 
threne. The original source of inoculum 
consisted of cervical nodes and splenic cellu- 
lar suspension from DBA/1 mice painted 
with methylcholanthrene for 9 weeks. Intra- 
peritoneal injection of leukemic cells serially 
passed in isologous mice at periods of 1 to 
2 months produced leukemia on each _ pas- 
sage. On the fifth passage a filtrate of leu- 
kemic spleen and liver was transferred to 
McCoy cells grown in vitro. Seven consecu- 
tive cell-culture passages were made at 48- 
hour intervals. Cell culture fluid, 0.2 ml., 
was injected intraperitoneally into CFW 
mice after the fourth and seventh cell-cul- 
ture passages. 

Group 1 results. Three of 5 CFW mice 
had developed leukemia as seen at autopsy 
5 to 10 months after inoculation with the 
fourth cell-culture passage material. 

Group 2 results. Three of 4 CFW mice 
showed leukemia when they were autopsied 
5 months after the intraperitoneal inocu- 
lation with the seventh cell-culture passage 
material. 

Group 3 results. A cellular liver and 
splenic suspension of the leukemic mice in 
Group 1 was injected into CFW mice. Two 


Table I. Serial cellular passage of induced leukemia in homologous strain of 


DBA/1 mice (Experiment A) 

















No. of No. of DBA/I mice Source of Autopsy after injection 

passages developing leukemia serial inoculum (days) 
1 2/5 Spleen 30 
2 1/4 Spleen 23 
3 5/7 Spleen 13-20 
4 9/10 Spleen-liver 12 
5 5/13 Spleen-liver 10 
6 4/7 Spleen 8 
7 2/4 Spleen-liver 20 
8 2/4 Spleen-liver 30 
9 1/4 Spleen-liver 38 





Total 31/58 
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Table II. Passage of leukemia by induced squamous-cell carcinoma in homologous 


DBA/1 mice (Experiment B) 

















No. of No. of DBA/I mice | Source of | Autopsy after injectio 
passages developing leukemia inoculum (days) 
1 4/6 Squamous-cell cancer 17-78 
2 2/7 Spleen 26-32 
3 15/17 Spleen-cervical node 19 
+ 6/6 Spleen 19 
5 2/8 Spleen, liver-cervical 
node 15 
6 3/6 Spleen, liver-cervical 
node 15 
Total 32/50 





Table III. Serial passage of leukemic DBA/I virus CFW mice (Experiment C) 











No. of No. of CFW mice Source of Autopsy after injection 
passages developing leukemia inoculum (days) 

1 1/10 Virus 90 

2 3/4 (DBA/1) 60-120 

3 2/5 Liver-spleen 30 

4 1/5 Liver-spleen 210 

5 0/5 Liver-spleen 365 





of 5 mice had developed leukemia as seen 
at autopsy at 2 to 3 months. 


Group 4 results. A third passage of liver 


and spleen cells from leukemic mice in 
Group 3 had produced leukemia in 2 of 10 
mice as seen at autopsy at 8 months. 


DISCUSSION 


Chemical carcinogenesis may produce 
mutagenesis which frees the virus at the 
cellular level. At the moment several theories 
are attractive but await final resolution. In 
animals ribonucleic acid or nuclear protein 
has been postulated to be the resulting re- 
leased viral material. In some strains of mice 
it is thought that latent viruses are activated 
by carcinogens. The latter theory in effect 
may only be a semantic interpretation of the 
released cellular viral materia! from the 
chemical stimulation. 

McIntosh and Selbie® reported on active 
viral filtrates from fowl sarcomas induced 
by tar. 

Oberling and Guérin® injected methyl- 
cholanthrene into the leg of a chick and a 
fusiform sarcoma was produced 32 months 





later. This tumor was transferable, first by 
cells, then by a cell-free filtrate, but its abil- 
ity to reproduce the neoplasm ceased on the 
fifth passage. 

Salaman’ induced a lymphatic leukemia 
in strain 101 mice with a hydrocarbon but 
attempts to transfer by a filtrate proved to 
be unsuccessful. 

Kaplan* and Lieberman and Kaplan‘ 
have reported the relationship between 
whole-body irradiation and leukemia-induc- 
ing viruses. A cell-free filtrate from a donor 
with an irradiation-induced tumor could 
produce the same tumor when inoculated 
into an untreated isologous animal strain. 
The observations of irradiation as an ex- 
ternal carcinogen which produces a_ viral 
agent capable of transmitting leukemia cor- 
relates with our findings concerning methy!- 
cholanthrene as an external carcinogen. 


SUMMARY 


1. Methylcholanthrene-induced 
cells of DBA/1 were readily transplanted to 


isologous mice. 


leukemic 


2. A macerated suspension of a methyl- 
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cholanthrene-induced squamous-cell cancer 
produced lymphatic leukemia when passed 
to such isologous mice. 

3. A cell-free filtrate passed in a line of 
McCoy cells grown in vitro transmitted leu- 
kemia to a heterologous strain of CFW mice. 

4. These observations are indicative of the 
viral transmission of a leukemia induced by 
carcinogenic agents. 
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Appraisal of progress in surgical therapy 












Translumbar aortography: re-evaluation 


linical application of translumbar 
aortography has varied widely since _ its 
introduction by dos Santos in 1929." Little 
interest in the procedure was shown in this 
country until 1942, owing, in part, to a 
lack of knowledge as to its usefulness and 
to fear of its employment. Although initially 
this fear appeared to be well supported by 
the experimental studies of Henline and 
Moore,® it subsequently became apparent 
that the anatomic arrangement of the dog’s 
aorta was different from that of the human 
aorta. Thus, Doss* and Nelson,*' working 
independently, were able to demonstrate 
the relative safety and clinical usefulness of 
aortography in urology. 

As aortography gained acceptance as a 
urologic diagnostic procedure, its usefulness 
in cardiovascular surgery was demonstrated 
during a period in which numerous techni- 
cal advances were being made. Vascular 
surgeons were quick to recognize the im- 
portance of aortography in the preparation 
of patients for operations on the aorta and 
great vessels. Increasing application of 
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translumbar aortography subsequently was 
followed by isolated reports of its complica- 
tions. During the past 5 years it became 
apparent that aortography was associated 
with certain untoward reactions, some of 
which were fatal. These complications have 
been extensively reviewed.* 7” *° As clinical 
experience increased it was realized that 
many patients with vascular disorders such 
as abdominal aneurysms do not require 
aortography as an essential feature in the 
diagnostic studies. It was also suggested that 
even in the case of some occlusive lesions 
which involve the aortoiliac region aortog- 
raphy might not be required before opera- 
tion, as the information gained from the 
procedure simply added additional weight 
to conclusions already on a solid clinical 
foundation.?* Aortography could no longer 
be considered a routine diagnostic proce- 
dure, and in many centers it was employed 
only after the fulfillment of the strictest 
criteria of selection. 

As more reports of difficulties with aor- 
tography appeared, numerous studies were 
carried out in an effort to elucidate the 
causes of these complications. It was shown 
that dehydration, as commonly employed 
prior to anesthesia and _ aortograplhy. 
enhanced the likelihood of renal damage 
and this could be prevented by hyperhydra- 
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tion.’® The site of needle puncture of the 
aorta was found to be critical and accuracy 
of needle placement to be of paramount 
importance in the prevention of renal, 
spinal, and numerous miscellaneous com- 
plications.” Investigations were undertaken 
in an effort to determine the safest contrast 
material for aortography.*” ** The dose of 
contrast material injected was found to be 
critical, both experimentally and clinically, 
in that 30 ml. or less of 70 per cent Urokon 
sodium could be used with relative safety 
as long as care was taken to avoid injection 
of a renal artery.‘ Along with these major 
safeguards, it was suggested that various 
ancillary measures, such as the intra-aortic 
injection of procaine prior to the injection 
of the contrast material, might add addi- 
tional safety to the procedure.® 

With the extensive clinical experience now 
available, a re-evaluation of the status of 
translumbar aortography in the light of 
present knowledge appears timely. For this 
purpose the experience gained in the per- 
formance of 2,400 translumbar aortograms 
in the Baylor University College of Medi- 
cine Affiliated Hospitals has been reviewed 
with regard to indications for the procedure, 
the method of its employment, and associ- 
ated complications. 


INDICATIONS 


Occlusive disease in the aortoiliac region 
constitutes the major indication for trans- 
lumbar aortography. Although these occlu- 
sive lesions are usually segmental in nature, 
involvement of multiple segments is a fre- 
quent occurrence. Successful surgical therapy 
is dependent upon well-planned operations, 
and it has become increasingly apparent 
that such planning requires careful mapping 
of the vascular supply of the abdomen and 
lower extremities.*»* Although in certain 
cases of combined blocks in both the aorto- 
iliac and femoral regions successful results 
may be obtained by treating only the more 
proximal occlusion, it is generally advisable 
to handle both areas of occlusion in one 
operation and restore circulation to nor- 
mal.* 42° With presently available tech- 
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niques of extending bypass procedures below 
the knee in selected cases, a complete evalu- 
ation of the vascular status of each patient 
is necessary before operation.* '* 

Aneurysms of the abdominal aorta usually 
are not considered an indication for aor- 
tography. Clinical manifestations and _ plain 
roentgenograms are generally adequate for 
diagnosis. In our experience over 95 per 
cent of ordinary abdominal aneurysms have 
arisen below the origin of the renal arteries, 
and with presently available techniques, 
renal artery involvement does not preclude 
successful excisional therapy. Thoracoab- 
dominal aneurysms, which involve the lower 
thoracic and upper abdominal aorta, require 
definitive arteriographic study in order to 
determine the extent of the lesion and pro- 
vide for proper planning of the operative 
procedure.” 

Renal hypertension has now come within 
the scope of the vascular surgeon. Many 
cases of so-called “essential hypertension” 
actually appear to be secondary to partial 
occlusion of one or both renal arteries and 
amenable to surgical therapy by direct re- 
vascularization procedures.**7® 7° In all 
probability, aortography will gain a progres- 
sively increasing status in the diagnostic 
evaluation of hypertensive patients. 

The abdominal anginal syndrome _pro- 
duced by occlusive lesions in the celiac and 
superior mesenteric arteries is being recog- 
nized with increasing frequency. In _ the 
conventional —posteroanterior aortographic 
projection, the proximal portions of these 
vessels are usually hidden by the aorta. 
Exposure of the roentgenogram in_ the 
lateral projection clearly demonstrates these 
occlusive lesions.*® 

Although translumbar aortography is no 
longer used as frequently in urologic diag- 
nosis as it was several years ago, this pro- 
cedure still has a definite place in the 
diagnostic armamentarium of the urologist. 
Various miscellaneous indications for aortog- 
raphy also exist, such as in the diagnosis 
of certain tumors. Each case for aortography 
is evaluated on its individual merits, and 
no patient is denied the benefit of this use- 
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ful procedure solely because of fear of com- 


plications. 


TECHNIQUE 


Prior to beginning the procedure ade- 
quate hydration is assured. Generally this 
is accomplished by the moderately rapid 
intravenous infusion of 1,000 ml. of 5 per 
cent glucose in distilled water just before 
the procedure begins. The patient is then 
placed prone on the radiographic table over 
a specially constructed tunnel which extends 
from the nipples to below the knees (Fig. 1). 
A 14 by 36 inch grid cassette is inserted 
into the lower compartment of the tunnel, 
and a 14 by 18 inch steel plate, mounted 
on rollers in the upper compartment, is 
pulled caudad to shield the lower half of the 
film. After sterile preparation and draping 
of the field of injection has been completed, 
the tubing for the intravenous infusion is 
used for the administration of Pentothal 
sodium under control of an anesthesiologist. 
A 7-inch No. 17 thin wall needle is inserted 
through the left flank into the aorta opposite 
the twelfth thoracic to first lumbar vertebra. 
A flexible tube of sufficient length to allow 
the operator to stand behind a specially 
constructed lead shield is attached, and 20 
to 30 ml. of 70 per cent Urokon sodium is 
rapidly injected. Although other contrast 
materials, such as 50 per cent Hypaque 
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Fig. 1. Aortographic tunnel containing 14 by 18 
inch steel plate on rollers. There is a 14 by 36 
inch grid cassette beneath the steel plate. 
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sodium have been found to be less toxic,?® ! 


none has consistently produced films of sucl 
diagnostic quality as to warrant the replace 
ment of Urokon sodium as the contras 
material of choice. 

During the latter part of the injection 
roentgenographic exposure is made of th 
aorta and iliac arteries. The steel plate 
immediately pulled cephalad, and after an 
interval of 4 to 14 seconds, depending on 
estimated circulation time around the ob- 
struction in occlusive lesions, exposure is 
made of the femoral and popliteal arteries. 
In cases in which the renal or mesenteric 
arteries are under investigation, the table 
Bucky is used rather than the tunnel and 
grid cassette, because of the importance of 
maximum delineation of these vessels. If 
diagnostic films are not obtained for techni- 
cal reasons, a second injection is not carried 
out at this time, but the procedure is 
repeated several days later. Approximately 
10 minutes after injection roentgenographic 
exposure is made of the abdomen, producing 
an excretory pyelogram. Upon completion 
of the procedure the infusion of 5 per cent 
glucose in distilled water is continued during 
the period that the patient is in the recovery 
room. After the patient has awakened from 
the anesthetic, he is encouraged to force 
fluids by mouth for the remainder of the 


day. 
RESULTS 


During the performance of our first 300 
translumbar aortograms, 3 deaths from 
renal insufficiency and several nonfatal renal 
complications occurred (Table I). ‘These 
complications and a review of reports then 
existing of complications of aortography 
were the subject of a report from this 
institution.” As the various causes of these 
complications became apparent, a second or 
transitional period occurred during which 
several safeguards were introduced, and the 
technique of aortography as described was 
finally evolved. This led to the third period, 
during which this method of aortography 
has been used exclusively. 

Table II shows a review of our experience 
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Table I. Previously reported complications after original series of 300 translumbar 


aortograms 

















Injections 
Renal Amount | 

Patient injury Contrast material (ml.) No. Site Result 
A.J.W. Bilateral 70% Urokon sodium 100 2 Above renal arteries Recovery 
F. W. R. Bilateral 70% Urokon sodium 50 1 Above renal arteries Death 
H. H. Bilateral 70% Urokon sodium 35 1 Above renal arteries Recovery 
J.c.S. Bilateral 70% Urokon sodium 50 1 Above renal arteries Recovery 
E.P.W. Bilateral 70% Urokon sodium 40 1 Above renal arteries Recovery 
A.J.W. Bilateral 70% Urokon sodium 100 2 Above renal arteries Recovery 
W. B. Bilateral 70% Urokon sodium 50 2 Above renal arteries Death 
J.S. Bilateral 80% sodium iodide 15 1 Above renal arteries Death 
R.D.B. Right 70% Urokon sodium 15 1 Orifice, right renal artery Recovery* 





*Residual damage to kidney. 


with aortography during each of the 3 
periods. Although an additional 3 fatalities 
and several nonfatal complications occurred 
during the transitional period, no death or 
serious complication has followed 1,625 con- 
secutive aortograms performed as described. 
By strict adherence to this method of trans- 
lumbar aortography, the procedure has be- 
come one that may be performed without 
fear of death or injury to the patient. 

Table III summarizes the major complica- 
tions that occurred during the transitional 
period in which our present technique of 
aortography was developed. Minor com- 
plications, such as transient urticarious reac- 
tions and pain after injection, are not listed. 
No significant bleeding from the puncture 
site was encountered. Central nervous sys- 
tem damage did not occur in this group, and 
it has not been seen after aortography in 
this institution. Complications which _re- 
suited in death or permanent disability or 
necessitated change in the over-all manage- 
ment are listed. 

Two deaths (Cases 1 and 2) were caused 
by the intramural injection of the contrast 
material with dissection of the aortic wall 
(Fig. 2). The other death was in a patient 
with malignant hypertension and a non- 
functioning left kidney (Case 3). The needle 
was inserted into the aorta at the level of 
the renal arteries, and only 10 ml. of 70 
per cent Urokon sodium was injected. On 
the second day after the procedure oliguria 
ensued which rapidly progressed to anuria 


and the eventual death of the patient 7 
days after aortography. At autopsy the left 
renal artery was found to be completely 
occluded. The right kidney demonstrated 
extensive cortical necrosis. Although these 
findings were not those usually associated 
with the direct nephrotoxic effect of Urokon 
sodium, this death must be attributed, at 
least in part, to the procedure. 

Renal insufficiency was encountered in 
another patient (Case 4) but was followed 
by complete recovery. This patient was a 
39-year-old man who had previously under- 
gone resection of the aortic bifurcation and 
replacement with an Edwards-Tapp graft 
for occlusive disease. He was readmitted 16 
months later with return of symptoms and 
absence of both femoral pulses. An aorto- 
gram was performed by puncture of the 
aorta immediately below the renal arteries 
and showed the graft to be occluded (Fig. 
3). It appears that the major portion of 
the 30 ml. of 70 per cent Urokon sodium 
injected was delivered into the renal arteries. 
With conservative therapy, diuresis began 


Table II. Mortality rate after translumbar 
aortogram by periods 





Period during 
which aortogram 


No. of | No. of | Mortality 





performed patients | deaths | rate (%) 
Original report 300 3 1.0 
Transitional period 475 $ 0.6 
Present technique 1,625 0 0.0 
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on the tenth day after the aortogram and 
complete recovery ensued. The man was 
returned to the hospital 5 months later and 
a bypass procedure was carried out un- 
eventfully. 

Three cases of unilateral renal damage 
occurred, each associated with the place- 
ment of the tip of the aortographic needle 
in juxtaposition to the orifice of the right 
renal artery which caused a large portion 
of the contrast material to be delivered into 
that kidney. The kidney completely re- 
covered in each of these cases, however, in 
contradistinction to a similar case previously 
reported in which residual damage was seen 


in the right kidney.* 


DISCUSSION 


Although aortography is considered by 
many to be a dangerous procedure, our lat- 
est series of 1,625 consecutive translumbar 
aortograms without a death or serious com- 
plication demonstrates its relative safety. 
Each of the 3 deaths that occurred since 
our previous report was associated with a 
departure from the procedure as now em- 
ployed, and occurred during a transitional 
period in which it was believed that aortic 
puncture below the renal arteries might pre- 
vent the direct nephrotoxic effect of the 
contrast material. Each of the nonfatal com- 
plications likewise was associated with an 
aortic puncture below the level now em- 
ployed. It was soon realized that the aorta 


Table III. Complications which occurred during transitional period of 475 
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is not so well fixed and that its wall is mor 
diseased below the than ii 
is well above them. Attempts to introduc: 
the contrast material below the level of thi 
renal arteries not only occasionally result in 


renal arteries 


an aortic puncture at the level of the renal 
arteries, but also create the possibility of dis- 
section of the aortic wall. Such a maneuver 
is no longer used, even when conditions are 
considered suitable for such a low injection. 

As previously reported, there was a 1 pet 
cent mortality rate during a period in which 
up to 50 ml. of contrast material was in- 
jected, and occasionally several injections 
were used. During a transitional period in 
which several safeguards were being intro- 
duced, the mortality rate after aortography 
fell to 0.6 per cent. Each of the deaths that 
occurred during this period was related to a 
low injection. When the critical nature of the 
site of aortic puncture became apparent 
major complications from aortography dis- 
appeared. During the period in which the 
present technique has been employed, 1,625 
consecutive translumbar aortograms have 
been performed without a single death or 
major complication. 


SUMMARY 

Translumbar aortography has undergone 
cyclic changes in popularity since its intro- 
duction 31 years ago. The current fear of 
aortography does not appear to be justified 
in view of present knowledge and as demon- 


aortograms 





Injections 





| Amount | | 
Case Complication Contrast material (ml.) No. | Site Result 

1 Dissection 70% Urokon sodium 30 1 Below renal arteries Death 

2 Dissection 70% Urokon sodium 60 2 Below renal arteries Death 

3 Renal cortical 70% Urokon sodium 10 1 At renal arteries Death 
necrosis 

4 Renal 70% Urokon sodium 30 1 Below renal arteries Recovery 
insufficiency 

5 Right renal 70% Urokon sodium 20 | Orifice, right renal artery Recovery* 
damage 

6 Right renal 70% Urokon sodium 25 1 Orifice, right renal artery Recovery* 
damage 

7 Right renal 70% Urokon sodium 20 l Orifice, right renal artery Recovery* 
damage 





*No residual damage to kidney. 
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Fig. 2. Case 2. Aortogram taken after the second 
injection of 30 ml. of 70 per cent Urokon sodium. 


strated by our experience with 2,400 aorto- 
grams. Each death or major complication 
that occurred was associated with a vari- 
ation from the procedure as now employed. 

Our experience can be divided into 3 pe- 
riods by the technique of translumbar aor- 
tography used. Up to 50 ml. of contrast 
material and occasionally multiple injections 
were used for our first 300 procedures. There 
were 3 deaths in this period. Another 3 
deaths occurred during a transitional period 
in which various changes in technique were 
being employed, including low aortic injec- 
tion. With the standardization of our pres- 
ent technique, into which several safeguards 
were introduced, 1,625 consecutive trans- 
lumbar aortograms have been performed 
without a single death or major complica- 
tion. 

In order to achieve such safety several 
factors are of the utmost importance. The 
patient should be well hydrated prior to the 
procedure. The aorta should be punctured 


Beall et al.: Translumbar aortography 777 


Fig. 3. Case 4. Aortogram taken after the injec- 
tion of 30 ml. of 70 per cent Urokon sodium. 


several centimeters proximal to the celiac 
axis. No more than 30 ml. of contrast ma- 
terial should be injected, and a second in- 
jection should be strictly avoided. 

Translumbar aortography is not a proce- 
dure to be undertaken indiscriminately, but 
it should not be denied to those who might 
benefit from its use. It remains a most useful 
procedure and, with care, can be carried 
out without fear of death or serious com- 
plication. 


REFERENCES 


1. Beall, A. C., Jr., Crawford, E. S., Couves, 
C. M., De Bakey, M. E., and Moyer, J. H.: 
Complication of aortography: factors in- 
fluencing re’ al function following aortography 
with 70 per cent Urokon, Surcery 43: 364, 
1958. 

Crawford, E. S., Beall, A. C., Jr., Moyer, 
J. H., and De Bakey, M. E.: Complications 
of aortography, Surg. Gynec. & Obst. 104: 
129, 1957. 

3. De Bakey, M. E., and Crawford, E. S.: 


Surgical considerations of acquired diseases 


nro 








uw 





778 Appraisal of progress in surgical therapy 


of the aorta and major peripheral arteries. 
III. Atherosclerotic occlusive vascular disease, 
Mod. Concepts of Cardiovas. Dis. 29: 571- 
576, 1960. 

De Bakey, M. E., Crawford, E. S., Cooley, 
D. A., and Morris, G. C., Jr.: Surgical con- 
siderations of occlusive disease of the abdomi- 
nal aorta and iliac and femoral arteries: 
analysis of 803 cases, Ann. Surg. 148: 306- 
324, 1958. 

De Bakey, M. E., Creech, O., Jr., and 
Morris, G. C., Jr.: Aneurysm of thoraco- 
abdominal aorta involving the celiac, superior 
mesenteric, and renal arteries. Report of four 
cases treated by resection and homograft 
replacement, Ann. Surg. 144: 549-573, 1956. 
Doss, A. K., Thomas, H. C., and Bond, 
T. B.: Renal arteriography, its clinical value, 
Texas J. Med. 38: 277, 1942. 

dos Santos, R., Lamas, A., and Pereira 
Caldas, J.: Arteriografia da aorta e dos vasos 
abdominais, Med. contemp. 47: 93, 1929. 
Henline, R. B., and Moore, S. W.: Renal 
arteriography: preliminary report of experi- 
mental study, Am. J. Surg. 32: 222, 1936. 
Huger, W. E., Jr., Margolis, G., and Grimson, 
K. S.: Protective effect of intra-aortic injec- 
tion of Procaine against renal injuries pro- 
duced in experimental aortography, SuRGERY 
43: 52, 1958. 

Killen, D. A., and Lance, E. M.: Experi- 
mental appraisal of the agents employed as 
angiocardiographic and aortographic con- 
trast media. II. Nephrotoxicity, SurGcEery 
47: 260, 1960. 

Lance, E. M., and Killen, D. A.: Experi- 
mental appraisal of the agents employed as 
angiocardiographic and aortographic con- 
trast media. I. Neurotoxicity, SurGEry 46: 
1107, 1959. 

McAfee, J. G.: A survey of complications of 





wy 


no 
no 


Surgery 
June, 1961 


abdominal aortography, Radiology 68: 825, 
1957. 

McAfee, J. G., and Willson, J. K. V.: A 
review of the complications of translumbar 
aortography, Am. J. Roentgenol. 75: 956, 
1956. 

Morris, G. C., Jr., Cooley, D. A., Crawford, 
E. S., Berry, W. B., and De Bakey, M. E.: 
Renal __revascularization for hypertension, 
Surcery 48: 95, 1960. 

Morris, G. C., Jr., Crawford, E. S., Beall, 
A. C., Jr., and Moyer, J. H.: Hyperhydra- 
tion: a method of decreasing the nephrotoxic 
effects of Urokon as employed in aortography, 
S. Forum 7: 319, 1956. 

Morris, G. C., Jr., and De Bakey, M. E.: 
Abdominal angina: diagnosis and _ surgical 
treatment, J. A. M. A. In press. 

Morris, G. C., Jr., De Bakey, M. E., Cooley, 
D. A., and Crawford, E. S.: Arterial bypass 
below the knee, Surg. Gynec. & Obst. 108: 
321, 1959. 

Morris, G. C., Jr., De Bakey, M. E., Cooley, 
D. A., and Crawford, E. S.: Surgical treat- 
ment of renal hypertension, Ann. Surg. 151: 
854, 1960. 

Morris, G. C., Jr., De Bakey, M. E., Over- 
street, J. W., and Scott, R., Jr.: Surgical 
treatment of hypertension resulting from 
renal artery stenosis, Am. Surgeon 26: 745, 
1960. 

Morris, G. C., Jr., Edwards, W. H., Cooley, 
D. A., Crawford, E. S., and De Bakey, M. E.: 
Surgical importance of the profunda femoris 
in arterial occlusive disease of the lower 
extremities, Arch. Surg. 82: 32, 1961. 
Nelson, O. A.: Arteriography of abdominal 
organs by aortic injection: preliminary re- 
port, Surg. Gynec. & Obst. 74: 655, 1942. 
Shumacker, H. B., Jr.: The use and abuse 
of diagnostic aids, Surg. Gynec. & Obst. 100: 
112, 1955. 














Pediatric surgery 


Conducted by MARK M. RAVITCH, M.D. 





Duplication of the primitive 


PRINCE D. BEACH, LIEUTENANT 
COLONEL, MC, USA 

DONN J. BRASCHO, CAPTAIN, MC, 
USA 

WALTER R. HEIN, CAPTAIN, USAF 
(MC) 

WILLIAM W. NICHOL, COLONEL, 
MC, USA 

LEO J. GEPPERT, COLONEL, MC, 
USA 


FORT SAM HOUSTON, TEXAS 
From the Departments of Surgery (Urology and 


General Surgery), Radiology, and Medicine 
(Pediatrics), Brooke General Hospital, 
Brooke Army Medical Center 


L. an extensive search of the literature, 
only 36 cases of hindgut duplication were 
uncovered,'-*? and only 7 cases similar to 
the one we are reporting. Most of these 
cases have been reported by specialists who 
were interested in only one aspect of the 
duplication. This led to scattering of the 
cases throughout all the specialty journals. 
Because the literature is so diverse, we have 
attempted to consolidate it and to present 
pertinent discussion of various anomalies and 
prognosis of eventual functioning ability of 
the anatomic systems involved. 


HISTORICAL BACKGROUND 


Ravitch,*’ in 1953, in a paper primarily 
aimed at the problem of duplication of the 
colon and its surgical correction, summarized 
the literature and presented drawings of 
the anomalies reported. Following his ap- 
proach, we have included artist’s drawings 
of the duplications which are similar to the 
ene in our case (Figs. 1 through 8). Our 
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hindgut of the human 
being 


paper is primarily concerned with the few 
instances of both duplication of the bowel 
and complete duplication of the genitals. 
We are adding the case of Hinckle,?* which 
was not included in Ravitch’s report. Since 
we were unable to obtain the original report 
of the case of Gleiss,’* cited by Pagen- 
stecher, his case is not included. Pagen- 
stecher’s description is very brief but con- 
cerns a newborn female who apparently 
had a complete twinning of the hindgut, 
including double genitals and double anus. 
In the excellent review by Ravitch*® and 
the extensive bibliography at the end of 
this article the reader will find reports of 
cases of duplication of a lesser degree. 


EMBRYOLOGY 


Considerable confusion has resulted from 
the use of the term “reduplication of the 
bowel,” as applied in the literature to enteric 
cysts and giant diverticula. The majority 
of these anomalies have involved the small 
intestine and have not been associated with 
duplication of the bladder and genitals. Of 
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Fig. 1. Infant died at age 1 year, 9 months, of partial intestinal obstruction. Autopsy showed 
double colon, but only one ileocecal valve and one appendix. Pelvis was divided by sagittal, 
midline peritoneal fold. All orifices functioned independently. Each bladder had its own 


single ureter and urethra. 


the many theories of origin, that of Lewis 
and Thyng*® is most reasonable. These au- 
thors state that enteric cysts or diverticula 
arise from the persistence of nodules of 
epithelial cells which occurs along the ali- 
mentary tract in embryos. These nodules 
normally disappear, but one may be pinched 
off and persist as a diverticulum. They occur 
only in the small bowel, while true hindgut 
duplication involves all derivatives of the 
primitive hindgut. 

Bremer’s* theory may be used to account 
for the “duplications” found anywhere along 
the alimentary tract, including those of the 
large bowel. His theory is that the gut of 
the embryo is a solid structure because of 
the crowded epithelial cells. As these cells 
are rearranged and absorbed, vacuoles ap- 
pear. Eventually the vacuoles coalesce to 
form the bowel lumen. If a vacuole becomes 
pinched off, a diverticulum results. Again, 
these are relatively small structures which 
usually end blindly, frequently have no con- 
nection with the lumen of the normal bowel, 
and only rarely produce a true duplication 
of the gut. In none of the cases cited by 
Bremer is the degree of duplication as great 
as in our Case. 

Hudson** offers 6 theories to explain the 
cause of the extensive duplication. One of 
these theories is that there is a caudal twin- 


ning process confined to one portion of the 
embryo. This is subscribed to by Edwards," 
Ravitch,** and others and is succinctly de- 
scribed by Van Zwalenburg*® as a twinning 
process involving the hindgut anlage very 
early in life, before the primitive intestinal 
tube has been entirely formed. Citing Arey 
and Krafka, he points out that the distal 
portion of the ileum, all of the colon and 
rectum, and much of the bladder and ure- 
thra are derived from the hindgut as the 
latter grows caudally. When twinning of the 
very primitive hindgut occurs very early, 
all of the structures derived from this portion 
of the gut caudal to the point of division 
will also be doubled. Menten and Denny” 
place this event at some time before the 
embryo reaches the 10 mm. stage. 

We believe this explanation is the most 
adequate. The anomaly is one of super- 
numerary development rather than defective 
development. In our case, as well as most of 
the others, each portion involved in the 
twinning process attained normal develop- 
ment without evidence of defectiveness. ‘The 
Wolffian and Miillerian systems do not take 
an active part in the twinning process, but 
play a passive role. In all but one of the 
reported cases in which the kidneys and 
ureters were investigated and mentioned, 
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nephros, and metanephros were normal. In 
Volpe’s*' case a concomitant defective de- 
velopment occurred, resulting in a horseshoe 
kidney with a single ureter. The doubled 
Miillerian derivatives in all cases resulted 
not from a true fusion failure, but from 
mechanical interference with fusion by the 
presence of the doubled urogenital sinus, 
itself a derivative of the doubled hindgut. 
Each Millerian duct then went on to de- 
velop a unicornous uterus, a Fallopian tube, 
and upper two-thirds of a vagina. Each 
ureter arose from the Wolffian (mesonephric ) 
duct of that side and was incorporated into 
the ipsilateral bladder. The appearance of 
the external genitals and ani depends on 
the degree of the twinning process. In the 
cases of Suppiger** (Fig. 1) and Lesbre** 
(Fig. 3) the degree was perfect, resulting 
in complete doubling of the vulva with 2 
pairs of labia majora and 2 pairs of labia 
minora. In our case and those of Ombre- 
danne** (Fig. 6), Aitken’ (Fig. 7), and 
Hinckle*? (Fig. 5), the process was slightly 
incomplete, resulting in 1 pair of incomplete 
labia majora, but 2 pairs of labia minora. 
The same applies to the cases in males. In 
some there are 2 complete penes and in 
others only partial doubling. 

The process of complete or partial doub- 
ling applies to the distal small intestine and 
the anus as well as the genitals. Some in- 
fants demonstrated complete doubling of 
the distal ileum while ours and _ others 
showed only partial doubling or none at all, 
depending on the point in the primitive 
hindgut at which the twinning process had 
been initiated. In the infants with only one 
anus, one of the colons ended blindly be- 
cause the anal anlage for that colon had 
failed. 

In all the cases of patients who reached 
adulthood in which the general body con- 
figuration was described, a very wide pelvis 
was noted with some degree of separation 
of the pubes. This is believed to result from 
the presence of the extra organs in the pelvis 
rather than from the defective develop- 
mental process usually assigned as the cause 
of exstrophy of the bladder. In our patient 


Beach et al.: Duplication of primitive hindgut 781 


the separated pubes resulted in separation 
of the rectus muscles with concomitant ab- 
dominal hernia. 

All patients with double female genitals 
have shown the left side to be the more 
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Fig. 2. Infant died at 29 days of age of intestinal 
obstruction. There were single ileum, cecum, and 
appendix and imperforate anus. The penes were 
complete with urethras. The colons were discrete 
and nonadherent. The single ureter went to the 
left bladder. 
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Fig. 3. Reported by L. Blanc, 1896. The patient 
was an adult in good health. Complete double 
colon and appendix were present and there were 
2 normal ani and double external genitals. 
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Fig. 4. Description of this patient, age 35, is incomplete. Colon was ee at 
rectum. Each penis was hemicylindrical but there were 2 urethras and 2 bladders. 
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Fig. 5. A 62-year-old woman was shown by roentgenograms to have double colon (including 
cecum). The left vulva was better developed than the right and was used for intercourse. 
Normal bilateral menstruation, urination, and defecation occurred. One pregnancy ended 
in the abortion of twins between the second and third months. 


normal, with the right side representing an not an acquired defect, since in many in- 
incomplete, almost infantile, development stances the spinal column is normal. They 
as the patient matured.*? believe the process represents a “‘slight de- 

The possibility of the myelomeningocele gree of twinning” with the primary changes 
representing a doubling of the spinal cord occurring in the medullary tube. Other 
has to be considered. Herren and Edwards,”' anomalies commonly associated with double 
in discussing this problem, state that the spinal cord are clubfoot, spina bifida, and 
duplication of the cord usually lies below myelomeningocele, which are present in our 
the mid-dorsal region and involves only 10 patient and several others. 


spinal segments. They also state that this is Consideration must be given to the possi- 
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bility of a degree of malrotation of the gut 
involving the third phase of rotation. This 
would account for the adhesive bands bind- 
ing the duodenum to the gall bladder and 
the extensive hypermotility of the cecum 
and ascending colon found in our patient 
and 2 others.** *° 

The presence of a peritoneal septum aris- 
ing from the posterior pelvic wall to divide 
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the peritoneal cavity into 2 halves is also 
part of the twinning process. It has been 
described in only 2 other cases, those of 
Suppiger*® and Ladd.*° 

It is possible that other anomalies may 
eventually come to light. Fluctuation of the 
blood pressure and alteration of the heart 
sounds were noted during anesthesia in our 
patient and may represent another anomaly 
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Fig. 6. A 2-year-old child in whom rectal outlets functioned and the colon had been shown 
by roentgenogram to be double to the cecum. The status of bladder and uterus is unknown. 
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Fig. 7. Newborn infant with double genitals with bilateral rectovaginal fistula. There was 


a bicornate uterus but double ileum, cecum, 


attempted. 


appendix, and colon. No operative repair was 
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Fig. 8. A 4-month-old female with double ileum below a Meckel’s diverticulum, double cecum, 
appendix, colon, and anus. The double right colon was anastomosed to the left at sigmoid 
level. There was a rectovaginal fistula on the right and duplication of genitals and bladder. 


such as coarctation. There have been no 
clinical signs and no definitive studies have 
been undertaken. If such an anomaly is 
found, it will represent a different embryo- 
logic process than the twinning of the hind- 
gut. 

Including the present case, there are a 
total of 37 cases of duplication of the hind- 
gut reported and of these 25 (68 per cent) 
were in females. ‘Twenty-eight (70 per cent) 
had duplication of the entire colon, cecum 
to rectum, and 18 (49 per cent) underwent 
corrective operations. Table I lists the num- 
ber and percentage of the other anomalies 
associated with hindgut duplication. It must 
be stressed that the information provided 
in several case reports is incomplete with 
regard to each anomaly. 


CASE REPORT 


A 5-day-old white female was transferred to 
Brooke General Hospital on Feb. 6, 1960, for 
evaluation of multiple congenital anomalies. She 
was the product of a full-term pregnancy, with 
no history of maternal illness, and labor and de- 
livery had been unremarkable. There was no fam- 
ily history of twinning or congenital anomalies. 
There was a maternal history of 1 previous still- 
birth. Two siblings were in good health. 

Physical examination showed the infant to be 
an apparently healthy, 7 pound, 12 ounce female. 
The head and chest were unremarkable and no 
cardiac murmurs were present. A midline muscu- 
lar defect had been noted in the lower abdominal 


wall at birth. A 4 by 5 cm. cystic mass was pres- 
ent in the sacral region slightly to the right of 
the midline. Neurological examination showed 
slight atrophy of the right lower extremity and 
suggestion of decreased ankle jerk on the right. 
It was noted that there was less movement of the 
right leg than the left. Attempts to transmit 
pulsations to the anterior fontanel on ballottement 
of the sacral mass were unsuccessful. There was a 
clubfoot deformity on the right side. 

On examination of the external genitals (Figs. 
8 and 9) 2 labia majora which were incomplete 
in their lower portions were found. These enclosed 
2 pairs of labia minora, 2 separate clitorides and 
2 vaginal openings. These structures were situated 
side by side and separated by 2 cm. of perineum. 
The structures on the left side were the closer to 


Table I. Anomalies associated with hindgut 
duplication 








Associated abnormality | No. % 
Double appendix 17 16 
Double ileum 9 24 
Double anus 11 30 
Double bladder 12 32 
Double urethra 1] 30 
Double vagina 10 27 


Double uterus 7 19 
Meckel’s diverticulum 11 
Abnormal genitals 14 38 
Diastasis recti { 11 
Pubic separation 5 14 
Abnormal spine 5 14 
Meningocele { 11 
Omphalocele 11 
Genitourinary fistula 14 38 
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the midline. An external urethral meatus was 
present in normal relation to the left vulva and 
urine passed intermittently from this urethral 
opening. A urethral meatus was not visible on 
the right and urine was passed through the vagina 
on this side. There were 2 anal orifices lying side 
by side at a normal distance posterior to the vagi- 
nas. Stools were passed from both ani, and good 
sphincter tone was noted bilaterally. 

Roentgen examination. 

Bone surgery. There was wide separation of the 
pubis. Spina bifida on the right below L; was 
demonstrated. Talipes equinovarus was present on 
the right. 

Barium enema. A No. 14 Foley catheter was 
passed through each anus and inflated with 4 c.c. 
of air. Barium was passed into the left side first, 
and filled a normal-appearing colon (Fig. 10). 
Prior to removal of this barium, more contrast 
material was allowed to flow into the catheter in 
the right rectum. This filled a second colon of 
similar size and distribution lying medial to the 
first. Thus there was complete duplication of the 
colon, extending from the rectum to the cecum. 
Reflux did not occur (Fig. 11). A postevacuation 
film showed a normal mucosal pattern in both 
colons and demonstrated the 2 individual recta 
(Fig. 12). 

Barium meal. A small bowel study did not 
demonstrate the site at which the duplication had 
its origin, but suggested the presence of a double 
terminal ileum. There was simultaneous filling of 
both colons and normal progression of the barium 
caudally. This examination demonstrated hyper- 
motility of both ceca and ascending colons. 

Intravenous pyelogram. One normally function- 
ing kidney was seen on each side, each with a 
single ureter emptying into its own bladder (Fig. 
13). Contrast material was passed from each blad- 
der independently. 

Retrograde cystogram. The retrograde study 
confirmed the presence of duplication of the blad- 
der and urethra (Fig. 14). The left urethra ended 
in normal relation to the left vulva, and the right 
emptied into the vagina on the right side. There 
was reflux into the right ureter and renal pelvis 
from the bladder. 

Vaginoscopy. Examination with an_ infant 
urethroscope showed double vagina and cervix. An 
attempted hystogram was unsuccessful because of 
the oblique position of the 2 normal-appearing 
cervical ora. 

Hospital course. Since communication of the 
mass in the sacrum with the cord could not be 
demonstrated by ballottement it was impossible to 
predict whether it was a teratorna or a myelo- 
meningocele. The skills of both the Plastic Surgery 
and Neurosurgery Services were therefore utilized. 
Definitive operation was undertaken on Feb. 23, 
1960. The 2% by % inch bilobate cystic mass 
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was encountered in the subcutaneous tissue and 
dissected down to a three-fourths inch diameter 
neck where it entered the spinal cord 1 cm. above 
the sacrum in the region of the unfused neural 
arches noted on roentgenogram. Nerve fibers were 





Fig. 9. The same 4-month-old female as in Fig. 8, 
who had 2 labia majora, 4 labia minora, 2 clito- 
rides, and 2 vaginas. There were 2 ani, both 
functioning, but with rectovaginal fistula on the 
right. The left urethra was normal, the right 


intravaginal. 





Fig. 10. Roentgenogram taken after barium enema. 
Two bulb catheters are in the recta and barium 
passed to the left fills a normal appearing colon. 
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Fig. 11. Roentgenogram taken after barium enema. 
Barium remains in the initially filled colon. 
Barium passed through the right simultaneously 
fills a complete and separate colon lying medial 
to the first. 


noted to arch in the wall of the sac, but it was not 
possible to close the defect and spare these fibers. 
Excision of the sac was accomplished and the 
pathologic diagnosis was myelomeningocele. 

Postoperatively there was some increase in the 
neurological deficit of the right lower extremity 
and incompetence of the right anal sphincter. 

Correction of the right talipes equinovarus was 
begun with manipulation and plaster casting. The 
child was released from the hospital on March 23 
to return in 3 months for follow-up examination. 

On May 6 the infant was noted to have streaks 
of blood on the feces from the right anus and a 
fistula between the right rectum and vagina was 
found. The nature of the etiology of the fistula 
is not clear. It may have existed occultly from 
birth or may have been due to trauma or instru- 
mentation, although it manifested itself 38 days 
after the last examination at this hospital. 

The infant was returned to this hospital on 
May 9 and was noted to have nocturnal fever 
between May 16 and 24, which reached 104° C. 
on one occasion. Because of the rectovaginal fistula 
on the right, the short intravaginal urethra on 
that side, an atonic anal sphincter (therefore pos- 
sibly an atonic urinary sphincter), and the pre- 
viously demonstrated reflux from the bladder on 
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fig. 12. Postevacuation roentgenogram which 
demonstrates the two individual recta and de- 
scending colons. The mucosal pattern is normal. 
The more medial cecum is filled with air. 


the right side, an ascending pyelitis was suspected, 
although not confirmed. Roseola was also. sus- 
pected and gamma globulin was given. No anti- 
biotics were used. It was consideration of the 
threat of pyelitis that led to surgical intervention 
at this time rather than at a much later date as 
originally planned. Because of the infant’s small 
size and the probability of a future pelvic opera- 
tion, we decided to explore the abdomen, divert 
the fecal stream from the right rectum, and cor- 
rect any anomalies which might endanger the 
infant’s life. No correction of the urologic or 
gynecologic anomalies was planned. After prepa- 
ration of the bowel mechanically and with medica- 
ments (Sulfathalidine and neomycin) the patient 
underwent an exploratory celiotomy on June 1, 
1960, when she was 4 months old. 

Operation. A midline incision was made from 
about 2 cm. above the umbilicus to where the 
pubic symphysis would ordinarily be found. The 
recti were found to be separated slightly above 
the umbilicus and to angle laterally from this 
point to their insertion on the pubes which were 
2 cm. apart. 

Thorough exploration of the abdomen was car- 
ried out and only the anomalous findings are <is- 
cussed. The gall bladder was drawn medially, pos- 
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teriorly, and inferiorly by a peritoneal reflection 
from the duodenum which corresponded to the 
hepatoduodenal ligament but encompassed the gall 
bladder. The head of the pancreas extended 
around the lateral aspect of the duodenum to the 
anterolateral aspect of the second part of the 
duodenum, but was not obstructing and therefore 
required no correction. The small bowel was en- 
tirely normal to within approximately 18 inches 
of the cecum, where a Meckel’s diverticulum, 1 
cm. in diameter and 2 cm. in length, was found. 
Eight inches distal to the diverticulum the ileum 
bifurcated, each distal ileum being of equal size 
and appearance and each emptying separately into 
a completely separate cecum. Each cecum was on 
a small separate mesentery and was covered by a 
peritoneal reflection which formed a mesentery 
between the two. Each cecum presented a normal 
appendix (Fig. 15). The two ascending colons 
joined to have a common bowel wall, but with 
the two lumens separated by a vascular septum. 
The colons were hypermobile because of incom- 
plete resolution of the mesentery. This did not 
require surgical correction. Near the pelvic brim 
the sigmoid colons became separate to empty 
through separate ani. The pelvis was divided into 
2 parts by a reflection of the peritoneum arising 
from the sacral region posteriorly and reflecting 
in a midline plane around a colon, uterus, and 
bladder on each side before joining in the midline 
anteriorly to complete a sagittal septum that com- 
pletely divided the pelvis and extended up the 
abdominal wall to encompass a patent umbilical 
artery. This septum, therefore, enclosed one blad- 
der, one unicornous uterus, one tube and ovary, 
and one distal colon on its mesentery on each side 
(Fig. 16). 

The kidneys were found to be essentially nor- 
mal by palpation although there was fetal lobula- 
tion of both and the right was somewhat hyper- 
mobile. The ureters were not visualized, as they 
had been demonstrated to be normal by roent- 
genogram. 

The peritoneal reflection encompassing the gall 
bladder was easily lysed and the gall bladder re- 
sumed a normal position. The Meckel’s diverticu- 
lum was excised and a 2-layer closure accom- 
plished (gastric mucosa was found in the diver- 
ticulum). The 2 appendices were removed. The 
right sigmoid colon, identified by a previously 
placed rectal catheter, was divided about 3 cm. 
beyond the point where the two colons became 
separated, with each sigmoid passing to either side 
of the peritoneal fold. The distal end was closed, 
leaving a segment about 4 inches long to drain as 
4 mucous fistula through the right anus. The 
proximal end of the right colon was then beveled 
anc anastomosed to the side of the left colon to 
form an oblique end-to-side anastomosis consider- 
ably larger than the bowel lumen (Fig. 17). In 
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closing the abdominal incision the medial borders 
of the recti were dissected out and approximated 
with interrupted silk sutures and then reinforced 
with multiple stainless steel wire sutures through 
all layers of the abdominal wall. This repaired the 





Fig. 13. Intravenous pyelogram which shows single 
renal pelvis on each side. Lower right ureter can 
be seen emptying into one bladder. Both bladders 
contain contrast media and appear to overlap. 
Spina bifida of lower lumbar and sacral vertebrae 
is demonstrated. 
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Fig. 14. A, Catheters passed through both urethras 
and right bladder filled. Reflux is present. B, 
Right bladder emptied and left bladder filled. 
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Fig. 15. A, Photograph taken at operation. Clamp is on vascular septum between the two 
ascending colons. Double cecum, appendix, and terminal ileum are shown. B, Drawing which 
shows location of Meckel’s diverticulum proximal to point of bifurcation of terminal ileum. 
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Fig. 16. A, Photograph of pelvic contents taken at operation, and B, drawing. Note peritoneal 
septum dividing pelvis with one colon, one bladder, one uterus, tube, and ovary on each side. 
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Fig. 17. A, Photograph taken at operation, and B, drawing. Right (medial) colon has been 
anastomosed to left sigmoid 4 inches above anus. Stump of right rectum is not visible. 
Anastomosis was performed just below point where the colons became completely separate 


again. 
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umbilical and ventral hernias except for a small 
triangular defect above the separated pubes. 

The infant’s postoperative course was com- 
pletely uneventful and feces now pass only from 
the left anus. The hernia has not recurred and 
mucus from the right vagina has not been a prob- 
lem. Intermittent urination continues from the left 
urethra, and there is dribbling from the vagina 
on the right as had been noted preoperatively. 


DISCUSSION 

This case illustrates the value of roent- 
genographic examinations in demonstrating 
the extent of congenital anomalies in cases 
of duplication. Visceral duplication should 
be suspected in the infant with doubling 
of the external genitals and the radiologist 
can plan and perform diagnostic contrast 
studies which will give pertinent information 
with the least radiation exposure to the pa- 
tient. This is especially important since the 
patients will require repeated diagnostic 
studies for many years of their lives because 
of the multiple anomalies, any one of which 
may require corrective operation at various 
times. In our case the information gained 
from the studies permitted planning of the 
surgical procedures, even to anticipation of 
the double ileum. 

Initially the infant’s only problem was the 
myelomeningocele and some degree of neu- 
rological deficit in the right lower extremity. 
The increasing size of the mass, the begin- 
ning breakdown of the overlying skin, and 
the possibility that the mass was a teratoma 
precipitated operation. There was no way to 
preserve the nerve cords running through 
the walls of the sac and obtain closure. This 
anomaly is particularly unfortunate, for the 
flaccid right lower extremity will probably 
not develop normally and is likely to be the 
infant’s most obvious and disabling anomaly. 

There was no reason prior to the develop- 
ment of the rectovaginal fistula for correct- 
ing the known anomalies of the colon, geni- 
tourinary system, and abdominal wall, al- 
though the ventral hernia was the primary 
concern of the parents. After the appearance 
of the fistula, the plan to delay operation 
had to be abandoned because of the distinct 
possibility of an ascending pyelitis through 
a defective right urinary tract. Demonstra- 
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tion of the extent of the anomalies by roent- 
genograms and direct visualization of the 
fistula to only the right rectum and vagina 
permitted planning of a limited surgical 
attack. 

A comparative study of previously cited 
cases was of help in the anticipation of sur- 
gical problems. With few exceptions, in all 
patients in the group with double colon but 
without double genitals (the larger of the 
two groups of Van Zwalenburg*’), one or 
the other of the two colons ended blindly in 
the pelvis, which necessitated surgical treat- 
ment. In the group with double genitals as 
well as double colon, most demonstrated 
adequate bowel emptying through patent 
double ani, although the latter were mis- 
placed in some cases. In these patients with 
multiple doubling, most had sufficient sepa- 
ration of the colons, each with its own blood 
supply, to permit resection of one without 
jeopardy to the vascularity of the other. By 
contrast, in patients without the doubled 
genitals, the blood supply of the two colons 
was so intermixed as to require resection of 
both. Ravitch*® is the only author to report 
successful resection of this type of duplicated 
colon. Therefore, one can probably predict 
that should an operation upon the bowel 
become necessary in a patient with double 
genitals as well as double colon, the two 
colons will have sufficient separate vasculari- 
zation to permit removal of one without re- 
section of the other. 

In our case the simplest and safest solu- 
tion seemed to be colostomy, either of the 
right colon if that were feasible, or of both 
colons. This had obvious disadvantages but 
would offer a quick and easy operation to 
obviate difficulties from the rectovaginal 
fistula and protect the right urinary tract 
until the infant grew older and became bet- 
ter able to withstand definitive surgical 
therapy. However, an internal shunt seemed 
to be a better and probably permanent oper- 
ation if the infant could tolerate it. Resec- 
tion of the distal colon was considered, but 
it was decided that the offending colon 
should be left until the need for a pelvic 
operation arose in order to make the task 
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easier for the surgeon at that time. The dis- 
advantage of leaving a mucous fistula to 
drain on the perineum was recognized, but 
it has not been a source of difficulty to date, 
although it did prove to be in Brunschwig’s’® 
case in which a similar procedure was car- 
ried out in a 7-year-old girl. 

When there is no obstruction to either 
kidney and both ureters are functioning ade- 
quately, no urologic procedure is immedi- 
ately indicated. In patients who require 
operation, it has been demonstrated that the 
two bladders can be surgically combined by 
removal of the intervening septum and ob- 
literation of one or the other of the urethras. 
This was successfully carried out in the cases 
of Ravitch*® and Leon-Diaz (cited by Ra- 
vitch). In our case, should the right blad- 
der require operation because of neurogenic 
involvement, it will be removed and _ the 
ureter implanted into the left bladder. If 
reflux is absent or minimal it may be worth- 
while to implant the trigone as well, to pro- 
vide a more physiologic valve for that ureter. 
Incorporation of a paralytic flaccid or spas- 
tic bladder into the normal left bladder might 
result in dysfunction of the latter. No clinical 
evidence of significant pathologic changes 
of this right bladder has been noted except 
for the suggestive sign of almost constant 
dribbling from the right vagina. Periodic 
evaluation of this bladder and the right kid- 
ney will be necessary, with surgical inter- 
vention planned when such changes as reflux 
or severe incontinence become apparent. 

No author except Ombredanne* has ven- 
tured to state his beliefs as to what should 
be done about the double genitals. He simply 
stated he could see “no biological reason to 
eliminate one of these genitalia.” That both 
genital tracts can function normally has 
been shown by Gemmell’s'* case in which 
the patient had two separate genital tracts 
but only one anus and apparently a single 
colon. This 32-year-old white woman was 
delivered of 2 normal children per vaginum, 
the first from the right and the second 3 
years later from the left. Ombredanne, in 
discussing this case, infers that one should 
not interfere with the right of alternation 
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and that the decision should be left to the 
patient (and the husband). 

Jarcho* infers that both uteri will par- 
ticipate in menstruation simultaneously and 
that in the event of pregnancy the nonpreg- 
nant uterus will continue to menstruate 
However, Burton-Brown" cites Bainbridg: 
as stating “menstruation may take place first 
from one organ and then from the other 
the total loss being equivalent to the men. 
struum occurring at monthly intervals.” 
Neither of these authors specifically discusses 
the situation of entirely separate uteri, tubes, 
and ovaries, but refer primarily to the prob- 
lem of uterus didelphys. Hinckle’s** patient 
lived to be 62 and menstruated simultane- 
ously through both vaginas, although more 
“freely” on the left. 

A double pregnancy is a 
Burton-Brown" also cites the statement of 


possibility. 


Berkely and associates that “twin pregnancy 
is slightly more than seven times as common 
in double uterus as it is in association with 
the normal uterus.” Again in Hinckle’s”* 
case, the patient had only one pregnancy 
but it was a twin pregnancy. She miscarried 
between the second and third months. This 
somewhat refutes Jarcho’s** statement that 
in uterus unicornis the pregnancy, once it 
occurs, is usually uneventful. In our patient 
a double pregnancy would probably be the 
result of superfecundation because of the 
separating peritoneal reflection. It appears 
that the problems of menstruation and preg- 
nancy must await the future for their true 
and complete answer. 

The question of libido has been answered, 
after a fashion, by one author, Schauffer 
(cited by Jarcho**), who stated “in fact one 
is tempted to infer that fertility and the sex 
urge are distributed among these women in 
the same generous ratio as their organic sex 
equipment.” 

In the case of double penis, one would be 
more inclined to remove one or the other 
than in the case of double vulva. A double 
penis is more obvious and could lead more 
easily to psychic trauma. 

It is also of interest that only one of the 
authors discusses whether or not both blad- 
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ders and both recta emptied synchronously 
or independently. Until the development of 
the apparent sphincter paralysis, our patient 
had shown an ability to empty these reser- 
voirs independently. However, we antici- 
pated that the patient would learn to empty 
all 4 at one sitting as toilet training was 
completed. Hinckle’s patient voided simul- 
taneously from both urethras and had bowel 
movements from both ani when the stools 
were loose, but from the left primarily when 
the stools were firm. 

We believe that the genital duplication 
should be left alone, at least initially. It 
would be difficult to anticipate which of 
either genital tract would develop normal 
function. Premature removal may deprive 
the patient of what may be destined to be 
the only functioning genital apparatus. It 
seems best to await developmental events 
and let the patient and the parents, with 
medical and 
needed, make the decision for an operation 
later in life. It is possible that in our patient 
the mucous fistula may make removal of the 
stump of colon necessary and that elimina- 
tion of the right bladder and urethra may 
be needed. In that event, serious considera- 
tion could be given to removal of the entire 
right genitals at the same time as a com- 
bined procedure. 


CONCLUSIONS 

1. The thirty-seventh case of duplication 
of the primitive hindgut in the human be- 
ing, with double colon, anus, bladder, 
urethra, uterus, vagina, and vulva, is re- 
ported. 

2. The previously reported cases are re- 


psychiatric supervision as 


viewed, and similarities pointed out. 

3. Our approach to obtaining the best 
eventual functioning ability of all the ana- 
tomic systems is described in detail. 

4. An attempt has been made to give a 
reasonable embryologic explanation for the 
anomalies encountered. 

}. This is the ninth case of colon duplica- 
tion to be demonstrated by roentgenogram 
prior to operation. 

6. An extensive bibliography is included 
as an addendum. 
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Duplication of the stomach 


uplication of the alimentary tract 
may occur anywhere from the mouth (Fig. 
1) to the anus (Fig. 2) and in recent years 
such anomalies have received wide literary 
notice. The most common site described in 
the literature’ * and encountered in 
own experience’ is the ileum. The least 


our 


commonly reported site of duplication is the 
stomach. The advice given in the literature 
for treatment of gastric duplication is based 
on theory rather than on practical experi- 
ence. During the past 3 years we have op- 
erated on 4 infants with gastric duplication, 
in each of whom the condition was different. 
To complete the record we have included 
a fifth case of a patient treated in the unit 
years ago, illustrates further 
the difficulties in diagnosis and 


some which 
some of 
treatment. 
There is some confusion in the literature 
with regard to the definition of “duplica- 
tion” of the alimentary tract. Because of the 
differing methods of presentation and dif- 
ferent embryologic deviations, we have clas- 
sified accessory enteric formations as dupli- 
cations, vitellointestinal remnants, or dorsal 
enteric remnants.* The etiology of vitelline 
remnants is well known. Our own experience 
with dorsal enteric remnants has _ been 
recently recorded.? Dorsal enteric remnants 
arise from abnormal splitting of the noto- 
chord and this can cause a wide variety of 
malformations. These may involve the vis- 
cera of the chest or abdomen and incorporate 
abnormal tissue remnants of enteric deriva- 
tion. They include combined spina _ bifida 
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and allied vertebral anomalies and defects 
in the development of the skin and subcu- 
taneous tissues of the back (Figs. 3 and 4). 
We restrict the term “duplication” to enteric 
formations, either spherical or tubular, 
which lie in contiguity with the normal 
alimentary tract and which share with it a 
common blood supply and usually a com- 
Fig. 5). The lining mu- 


cous membrane of the duplication is not 


mon muscle coat 


necessarily the same as that of the adjoining 
part of the alimentary tube.® The references 
include articles concerning the many theories 
postulated for the formation of accessory 
remnants. The etiology of the remnants 
which conform with our definition of dupli- 
cation is less controversial. During early 
fetal life, embryo and gut grow at a similar 
rate, a rate which soon becomes inadequate 
for the latter if the necessary absorptive 
area is to be provided. There is therefore 
an acceleration in the rate of growth of the 
gut with thickening of the epithelial lining 
and obliteration of the lumen and _subse- 
quent recanalization by coalescence of vacu- 
oles which appear within the epithelium.® 
Coalescence of an additional group of vacu- 
oles which fail to rupture into the normal 
lumen leads to the formation of duplications, 
spherical or tubular, depending on the length 
of bowel affected.* 

The (Fig. 1) 


hindgut duplications’ are probably a result 


double stomatodeum and 


of partial twinning or an incomplete fusion 
of 2 individuals. 
CASE REPORTS 


Case 1. A female infant, aged 7 
transferred to the surgical unit on 


weeks, wus 


March I! 
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1947, with a history of projectile vomiting after 
feeding of 1 week’s duration. A provisional di- 
agnosis of pyloric stenosis was made. A test feed- 
ing failed to demonstrate either gastric peristalsis 
or a pyloric tumor, but a movable cystic mass 
the size of a tangerine orange was felt. At laparot- 
omy a large retrogastric cyst was found, extend- 
ing from the lesser curvature on the left to the 
duodenum on the right. It was exposed by opening 
into the lesser sac. The cyst was thick-walled and 
contained dark green fluid. Removal was consid- 
ered to be impracticable and the cyst was drained 
and a biopsy of the wall performed. The biopsy 
report stated that the cyst wall consisted of 
stomach wall, all layers of which were identified. 
There was occasional vomiting in the postop- 
erative period and the infant’s weight remained 
stationary. A roentgenogram taken after a barium 
meal on April 8, 1947, showed a large stomach 
which emptied in 2 hours. The infant was dis- 
missed on April 17, 1947. 

She was readmitted on Dec. 29, 1947, pale 
and emaciated with a grossly distended abdomen. 
The hemoglobin concentration was 45 per cent 
(Sahli). After transfusion of 150 ml. of whole 
blood, laparotomy was performed and many ad- 
hesions were divided, although none appeared to 
be the specific cause of the obstruction. The 


Fig. 1. Double stomatodeum. The right mouth did 
not communicate with the pharynx. There was a 
wide cleft palate in the median mouth. The baby 
died suddenly after aspiration of vomitus. At au- 
topsy a double pituitary was found. 
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stomach was much larger than normal but there 
was no evidence of the gastric cyst. There was 
some postoperative vomiting which soon ceased 
and the infant was dismissed eating well on 
Jan. 26, 1948. 

On February 23 she was again admitted for 
she had failed to thrive even though there had 
been no further vomiting. She was very anemic, 
with a hemoglobin concentration of 30 per cent 
(Sahli). There was occult blood in the stools and 
complete blood examination indicated that the 
anemia was indeed due to chronic blood loss. A 
roentgenogram taken after a barium swallow 
showed only a small hiatus hernia with no evi- 
dence of esophagitis. After transfusion with 250 
ml. of blood, esophagoscopy was performed. No 
abnormality was seen in the esophagus. The third 
abdominal exploratory operation was performed 
after additional small blood transfusions. The 
findings were almost identical to those encoun- 
tered at the original operation. There was a 
large duplication on the posterior aspect of the 
stomach. The muscular coats of the stomach con- 
tinued into the wall of the cyst (Fig. 6) and we 
had great difficulty in splitting the muscle wall 
of the sac so as to leave the stomach wall intact. 
The cyst contained a large quantity of coffee- 
ground material. An opening was found at the 





Fig. 2. Double anus. This baby has multiple 
anomalies, including cleft palate and congenital 
heart disease. Only one anus communicates with 
the rectum and excision of the ectopic anus would 
present no local technical problems, 
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Fig. 3. Dorsal enteric remnants. /, Dorsal enteric 
fistula; 2, dorsal enteric sinus; 3, dorsal enteric 


cyst; 4, dorsal enteric diverticulum; and 5, dorsal 


enteric cyst. 


upper end of the cyst communicating with the 
cardiac end of the stomach. The cyst was excised 
and the opening into the stomach closed. The op- 
eration notes end with the comment, “The con- 
dition was identical to that found at the original 
operation and I cannot explain why the cyst was 
not evident at the second operation, even if it 
was empty and collapsed, as the wall was so 
thick.” 

The infant was given 500 ml. of blood during 
and after the operation. She made a remarkably 
uneventful recovery. Histologic examination of 
the cyst wall showed it to be a typical gastric 
wall with the usual muscle layers and _ gastric 
mucosa with oxyntic cells. There was a_ peptic 
ulcer with considerable deposition of iron pig- 
ment in the surrounding tissues. The infant was 
discharged well and thriving on May 1, 1948, 
and has remained well ever since. 

tase 2. A female infant 1 day of age was re- 
ferred to one of us on June 11, 1957, by Dr. 
J. H. Hutchison with a diagnosis of gastric du- 
plication. There was a tense, ovoid cystic mass in 
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the upper part of the abdomen which could be 
seen as well as felt. The baby was otherwise well 
and had passed meconium and urine. The ab- 
domen was opened through a transverse supra- 
umbilical incision shortly after the infant had 
been admitted to the hospital and an apparently 
grossly distended stomach was found. It proved 
to be a tense, thick-walled duplication approx- 
imately 4 times the size of the stomach. Immedi- 
ately distal to the pylorus there was a circulai 
duplication of the duodenum about 3 cm. in di- 
ameter (Fig. 7). The gastric duplication was 
opened and dark brown mucoid material evacu- 
ated. Because we had no means of deciding which 
was the more important “stomach” or of deter- 
mining the type of lining mucosa, specimens were 
taken from both “stomachs” and a gastrogastros- 
tomy was performed as a temporary expedient 
until the biopsy report was received. The majo 
portion of the duodenal duplication was excised 
but because the baby’s condition was causing the 
anesthetist some anxiety, a gauze drain was in- 
serted and the operation concluded at this point 
A barium meal was given 15 days later and the 
radiologist’s report stated, “esophagus normal, the 
stomach is not enlarged and empties freely 
through a normal duodenum. There is constant 
indentation in the region of the antrum which is 
probably due to the gastrogastrostomy.” The wall 
of the duplication was gastric although the mu- 
cosa was poorly developed. Histologically the 
duodenal duplication varied from recognizable du- 
odenal epithelium to a very primitive epithelium. 
The infant was dismissed apparently well and 
thriving when she was 28 days old. She was re- 
admitted about 2 months later on Sept. 26, 1957, 
because of persistent vomiting. A roentgenogram 
taken after a barium swallow showed duplication 
of the esophagus from the level of the carina, 
above which there was a_ single esophagus 
(Fig. 8). The two seemed to lie side by side with 
one slightly posterior to the other. There ap- 
peared to be 2 openings into the stomach, but 
only 1 stomach could be visualized. The stomach 
emptied freely. Esophagoscopy was performed on 
2 occasions but there was no evidence of the sec- 
ond esophagus, which presumably filled only from 
below and ended blindly above (Fig. 9). 

The vomiting subsided without specific treat- 
ment and the infant was discharged on Nov. 21, 
1957. Since then she has continued to thrive but 
her progress is occasionally interrupted by bricf 
attacks of vomiting and a very occasional, small 
hematemesis. There has been no anemia. She 
has had one mild attack of vomiting during th: 
past 6 months. 

A detailed discussion of this particular child’s 
surgical problems is beyond the scope of the pres- 
ent communication. She may yet develop esopha- 
gitis in either esophagus and stagnation or even 





ac 
di 


fo 


to 
af 
W: 
th 








Yolume 49 
Vumber 6 


peptic ulceration could occur in the accessory 
stomach. She remains so well that we do not 
contemplate any major surgical attack on her 
peculiar anomaly until the symptoms justify a 
thoracoabdominal exploratory operation. We leave 
our readers to theorize as to which esophagus 
opens into which stomach and which type of 
esophagogastrectomy would benefit the patient. 

Case 3. A female infant was transferred from 
Dr. Hutchison’s wards at the age of 2 months 
with a history of failure to thrive and vomiting 
and tarry stools from the age of 10 days. There 
was a large ovoid mass in the left hypochondrium. 
There was no radiographic evidence of obstruc- 
tion or other abnormality in the abdomen. The 
baby was anemic with a hemoglobin concentra- 
tion of 50 per cent (Sahli) and she was given 
150 ml. of whole blood before operation. At 
laparotomy a large stomach was found with an 
even larger duplication completely fused in _ its 
upper third with the posterior aspect of the 
stomach from the level of the cardia. The dupli- 
cation was very tense and 30 ml. of altered blood 
was aspirated. Partial gastrectomy appeared to 
be the most reasonable procedure and _ splenec- 
tomy was performed to allow access posteriorly. 
At this point, the anesthetist pointed out the 
baby’s condition was deteriorating and he advised 
against any lengthy surgical procedure. The cyst 
was therefore rapidly excised with a fringe of 
approximately 1 cm. left attached to the posterior 
aspect of the stomach. No communication with 
the stomach could be demonstrated. The wound 
was closed around an indwelling Penrose drain. 
Recovery was uneventful and the baby was dis- 
charged 21 days after operation. A barium meal 
was given a month later and roentgenograms 
showed no abnormality other than a degree of 
rotation of the stomach on the pylorocardiac axis 
with the greater curvature uppermost. 

The baby remained well for 3 months, then she 
developed acute intestinal obstruction and was 
readmitted vomiting and dehydrated. Roentgeno- 
grams showed dilated coils of bowel and fluid 
levels. At operation soon after admission it was 
found that the obstruction was due to adhesion 
of the small bowel to the remains of the gastric 
duplication. Adhesions were divided and a half- 
turn volvulus was reduced. Once again the pa- 
tient made an uneventful recovery and has re- 
mained well during the past 18 months. 

Case 4. A female infant 12 months of age was 
admitted with abdominal distention of 1 day’s 
duration and a history of vomiting and diarrhea 
for several days. The clinical and radiographic 
findings suggested a diagnosis of ileus after peri- 
tonitis and laparotomy was performed shortly 
after admission. At operation diffuse peritonitis 
was found to have followed perforation of a 
thick-walled posterior gastric duplication into the 


Abrami and Dennison: Duplication of stomach 797 





Fig. 4. Dorsal enteric sinus. One type of dorsal 
enteric sinus associated with spina bifida. The 
excised specimen consisted of small intestine com- 
plete in all its layers. 





Fig. 5. Sites of duplication in the alimentary 
tract. (From White and Dennison.®) 
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lesser sac. The duplication extended along th 
length of the greater curvature. The condition o 
the infant was so poor that even biopsy was not 
justifiable and because much of the duplicatior 
had been destroyed, the abdomen was _ closex 
around a Penrose drain. Postoperatively the in 
fant was treated by intermittent nasogastric drain 
age and administration of intravenous fluids anc 





a wide-spectrum antibiotic. Recovery was slow 
but uneventful. A roentgenogram taken after 
barium meal showed a normal stomach, esopha- 
gus, and duodenum. The infant has been followed 
during the past 14 months. She is symptom-fre: 
and her progress is normal. 

Case 5. A female baby aged 7 days was re- 
ferred from the medical division of the hospital 
with a tentative diagnosis of pyloric stenosis 
There was a history of nonprojectile vomiting of 
feedings from shortly after birth. No gastri: 
peristalsis was seen and no pyloric tumor was pal- 
pated. There was no bile in the vomitus. Roent- 














genograms taken after administration of barium 
showed that the pylorus was elongated and _ nar- 
row and there was an indentation at the base of 
the duodenal cap. The clinicians (medical and 
surgical) agreed that the appearances were typ- 
ical of congenital pyloric stenosis (Fig. 10). It is 
perhaps appropriate to point out at this juncture 
that we operate on approximately 140 infants 





with congenital pyloric stenosis each year. The 
diagnosis is made by the pediatricians after pal- 
pation of a pyloric tumor in 99 per cent of the 
cases. It is only very rarely that radiographi 





y , examination is required. 

Fig. 6. Duplication of stomach. Diagrammatic At operation there was no pyloric hypertrophy 

presentation of the findings in Case 1. but the pyloroduodenal junction was kinked by 
dense adhesions extending laterally and up to the 
liver. There was malrotation with no fixation of 
the midgut loop. The adhesions were divided as 
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Fig. 7. Duplication of stomach. A, Photograph of operative findings in Case 2. B, Diagram- 


matic rendering of photograph. 
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far as possible but the duodenum still remained 
collapsed. The duodenum was then opened and a 
forceps passed proximally and distally to exclude 
the presence of a membrane. No intrinsic ob- 
struction was found and the duodenum was 
closed in layers. The baby continued to vomit 
and roentgenograms taken 2 days after opera- 
tion showed complete absence of gas distal to the 
pylorus which was compatible with mechanical 
obstruction. The baby was transferred to the 
surgical division and after administration of 0.25 
N saline, the surgeon on duty performed a lap- 
arotomy. The findings were similar to those at 
the first operation. A diagnosis of extrinsic ob- 
struction in the region of the pylorus and du- 
odenum was made and a rapid posterior gastro- 
jejunostomy performed. The baby progressed 
favorably for another 5 days when a roentgeno- 
gram showed a normal distribution of gas in the 
bowel. The next day the baby developed a tem- 
perature of 102° F. and this continued intermit- 
tently in spite of the administration of a series 
of wide-spectrum antibiotics. Coagulase-positive 
staphylococci were grown from the abdominal 
wound and the baby died of staphylococcal pye- 
mia 15 days after the second operation. At au- 
topsy multiple pyemic abscesses were found in 
the kidneys, lungs, and heart from which were 
grown staphylococci resistant to penicillin, tetra- 
cycline, and Chloromycetin. On the superior sur- 
face of the pylorus and duodenum there was a 
cyst 2 cm. in diameter. This cyst was very thin- 
walled and lined with mucosa but there was no 
muscle coat. There was no communication with 
the lumen of the pylorus or duodenum. 

We feel justified in including this case as an 
example of duplication of the pylorus (or du- 
odenum) because of the similarity in presenta- 
tion (at least radiographically) to congenital 
pyloric stenosis. Extrinsic pressure on the pylorus 
can cause a radiographic picture which is in- 
distinguishable from the “string sign” of con- 
genital pyloric stenosis. 


DISCUSSION 


Duplication of the alimentary tract is 
uncommon and even in a large children’s 
hospital cases of gastric duplication are 
rare.’ * We have described the symptoma- 
tology and treatment of 4 gastric duplica- 
tions encountered in one unit of the Royal 
Hospital for Sick Children, Glasgow, dur- 
ing the past 3 years. To demonstrate the 
difficulties in diagnosis and treatment we 
have also described a patient with gastric 
duplication with whom one of us (W. M. D.) 
was involved 13 years ago. Despite the help 


Abrami and Dennison: Duplication of stomach 799 


of our medical colleagues and our staff of 
pediatric radiologists, pathologists, and bio- 
chemists, we cannot be so dogmatic as other 
contributors to the literature in regard to 





Fig. 8. Duplication of esophagus. Radiographic 
appearances after administration of barium and 
pressure on the stomach. 








Fig. 9. Duplication of esophagus, stomach, and 
duodenum. Diagram which shows the present sit- 
uation in Case 2. 
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Fig. 10. Duplication of pylorus. Roentgenogram 
taken after administration of barium which shows 
typical “string sign’ due to extrinsic pressure. 


either the diagnosis or treatment of these 
anomalies. In addition to the study of the 
signs and symptoms described in the 5 cases 
on which this communication is based, other 
investigations have been carried out. Bio- 
chemical examination of the contents of the 
duplications and postoperative test meals 
have been singularly unhelpful in our at- 
tempts to elucidate the many problems of 
this anomaly. We presume that it is sheer 
coincidence that all the patients in this small 
series were female. 

We have presented some aspects of our 
limited experience for 3 reasons. First, we 
believe that there is no “routine” method 
of dealing with gastric duplications. In our 
experience the anatomic findings and the 
condition of the patient modify any pre- 
conceived ideas of treatment. 

Second, in our limited experience the 
anomalies have presented in several ways. 
There has been abdominal swelling only 
(Case 2), abdominal swelling with vomit- 
ing and bleeding per rectum (Case 1), 
failure to thrive with vomiting and bleeding 
per rectum (Case 3), findings simulating 
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congenital hypertrophic pyloric — stenosi 
(Case 5), and diffuse peritonitis after rup 
ture of the duplication (Case 4). 

Third, gastric duplications conform to ou 
ideas of the definition of duplications an 
we suggest that the term “duplication” ij 


used too loosely. 


SUMMARY 

The term “duplication” does not cove 
all manifestations of accessory enteric rem- 
nants. We suggest that such remnants 
should be subdivided as_ vitellointestinal 
remnants, duplications, and dorsal enteric 
remnants. This definition is not entirely 
satisfactory, but is preferable to the various 
names such as “enterogenous cyst,” “enteric 
cyst,” “ileum duplex,” and “gastric thoraci 
cyst.” Although Ladd and Gross® simplified 
our understanding of these malformations, 
they include in the term “duplication” mal- 
formations with differing methods of presen- 
tation and vastly different etiology. Our 
own definition does not include the results 
of partial twinning or incomplete fusion of 
2 individuals. 

We have presented the problems which 
have arisen in the diagnosis and treatment 
of duplication of the stomach as they ap- 
peared in our limited experience. 

The illustrations were prepared by Mr. J. 
Devlin of the Department of Medical Illustration 
of the hospital. We thank him for his enthusiasm 
and constant cooperation. We are deeply indebted 
to Dr. A. M. MacDonald, who is in charge of 
the Department of Pathology, and Dr. S. P. Raw- 
son, who is in charge of the Department of 
Radiology. Their special investigations have been 
invaluable in helping to elucidate our problems. 
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Pyeloureteroplasty without catheter drainage 


he purpose of most operative repairs 
of the urinary system is the reduction of 
the susceptibility to or the eradication of a 
urinary infection. These aims are achieved 
by the excision of stagnant sacculate dilata- 
tions which lead to a reduction in the 
volume of urine between the renal papillae 
and the bladder outlet. 

However, before attempting surgical cor- 
rection of an apparent anatomic defect, the 
surgeon must evaluate the infection. Chronic 
infections decrease the emptying efficiency 
and this in turn permits the development 
of aneurysmal dilatations of the urinary 
drainage tract. Since these infectious dilata- 
tions of the urinary system disappear after 
the eradication of the inflammatory reac- 
tion, we believe that intensive antibacterial 
therapy should be tried before operative 
intervention is attempted. 


METHODS 


The operative procedure which we have 
used is not new and is illustrated in Fig. 1. 
Bischoff? states that an Italian surgeon first 
used the method in around 1900. In the 
past 15 years, Andersont and Williams” 
have used a very similar procedure quite 
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successfully. The redundant portion of the 
renal pelvis and the attached ureteropelvic 
junction stricture are excised. After the 
lateral margin of the ureter is incised for 
a distance of 2 cm. the ureter is gently 
pulled cephalad. The cephalad margins of 
the ureter and renal pelvis are fastened 
together by 3 or more stitches before manual 
traction on the ureter is released. It is im- 
portant that the incision lines be placed 
so that they cannot touch each other when 
the renal pelvis is collapsed. Otherwise ad- 
hesions developing between the opposed 
sutured pelvic margins can seal off the 
orifice of the ureteropelvic junction. After 
completion of the anastomosis the ureteral 
wall becomes the mesial border of the renal 
pelvis. Before the abdominal wall is closed 
a small, 1 cm. vent* is made in the posterior 
pelvic wall near the renal parenchyma and 
a small rubber drain is placed near this 
site. This drain is removed in from 3 to 5 
days. Since no drainage material is used in 
the urinary system, no foreign-body reaction 
or urinary infection is caused by the opera- 
tive procedure. After removal of the ob- 
struction of the ureteropelvic junction and 
restoration of a normal renal pelvis, a previ- 
ously resistant urinary infection can be 
readily cured. 


RESULTS 


Between 1952 and 1960 we excised 10 
strictures of the ureteropelvic junction and 
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achieved a resolution of the hydronephrosis 
in 9 patients. Five children were operated 
upon between 1952 and 1957. In this period 
a ureteral splint and a nephrostomy tube 
were used (Fig. 2). All these patients had 
postoperative urinary infections which per- 
sisted for from 3 to 18 months. Since 1957 
we have excised another 5 strictures of the 
ureteropelvic junction. In the latter cases 
the use of the pelvic vent allowed us to avoid 
catheter drainage (Fig. 3). One of the 5 
patients had a preoperative infection which 
had resisted drug therapy for 3 months 
and which disappeared in the first 2 post- 
operative weeks. No infection was present 
before or occurred after the operation in 
the remaining 4 patients in whom the vent- 
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ing procedure was used. This is remarkable 
because even the patient in whom hydro- 
nephrosis failed to diminish postoperatively 
(Fig. 4) did not develop a urinary infection 
after the operation. Avoidance of catheter 
drainage removes the invitation to post- 
operative urinary infections. From a radio- 
graphic viewpoint (with the exception of 
1 case) the return toward normal 12 months 
after the pyeloureteroplasty was the same 
whether a tube or a vent was used to drain 
the urine from the kidney. 


DISCUSSION 


The omission of the nephrostomy tube 
made the postoperative course less smooth. 
Usually urine stopped draining from the 
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Fig. 1. A, The solid straight lines indicate lines of excision of the renal pelvis and 
ureteropelvic junction. After these incisions were made, 3 or 4 traction sutures were 
placed in the proximal end of the ureter which was pulled cephalad. Then a lateral 
longitudinal ureteral incision was made before the traction sutures were used to 
fasten the ureter to the cephalad border of the renal pelvis (B). As the posterior 
wall of the pelvis was sewed to the posterior margin of the incised ureter, the longi- 
tudinal ureteral incision was continued caudad so that it exactly equaled the in- 
cision in the pelvis and so that the ureter always drained the pelvis from a caudad 
position. After completion of the anastomosis of the caudad portion of the pelvis 
to the apex of the lateral longitudinal incision in the ureter, the anterior wall of 
the pelvis was sewed to the ureter (C). At this point the operation was completed 
by making a 1 cm. incision in the posterior pelvic wall near the renal parenchyma. 
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Fig. 2. A 5-year-old boy developed a colicky left flank pain and was found to have a left 
anastomosis was performed in June, 1955. 


ureteropelvic junction obstruction. A Foley Y 


However, after the removal of the nephrostomy tube, urine would not drain down the ureter. 
and the patient was referred to us. In August, 1955, a fibrous scar which completely sealed 
the ureteropelvic junction was excised with a large part of the renal pelvis. The ureter was 
reanastomosed to the renal pelvis. The catheters, which drained the renal pelvis and the 
ureter, were removed on the sixteenth postoperative day and the urine became free of in- 
fection in November, 1955. A, Excretory urogram taken after Y anastomosis for ureteropelvic 
junction obstruction. B, Excretory urogram taken 3 months after pyeloureteroplasty. Th: 





hydronephrosis has receded and the appearance is almost normal. 


wound in from 6 to 36 hours. However, 3 
to 5 days later 3 patients developed an un- 
pleasant flank ache on the incised side 
which was relieved by the return of urinary 
This second 
urinary drainage spontaneously stopped in 
3 to 4 days. Otherwise the postoperative 


courses of the 5 patients were uneventful. 


drainage from the wound. 


SUMMARY 


Pyeloureteroplasty, to us, is the reanasto- 
mosis of the ureter to the pelvis after a 
radical excision of most of the redundant 
renal pelvis and of the contiguous uretero- 
pelvic junction stricture. This operation has 
been performed on 10 patients since 1952. 


In 5 patients the renal pelvis was decom- 
pressed by nephrostomy tubes. A postopera- 
tive urinary infection was present for from 
3 to 18 months in all of these patients. 

In another 5 patients the renal pelvis was 
decompressed by a small incision in the 
posterior pelvic wall. No catheters were 
used. While no cultures were taken during 
the first 2 postoperative weeks, all subse- 
quent urine cultures were sterile in all 5 
patients. 

A satisfactory resolution of the hydro- 
nephrosis occurred in 9 of the 10 patients. 
No infection was present before or afte! 
operation in the tenth case, and the cause 
of failure is not known. 











Volume 49 Michie, Moschakis, and Hope: Pyeloureteroplasty 805 


Vumber 6 





Fig. 3. A 5-year-old girl had recurrent fever for 3 months prior to admission to the hospital. 
The febrile episodes were known to be due to a proteus infection in the urine. Because the 
urinary infection failed to respond to the usual drug therapy, the child was admitted to the 
hospital and was found to have a left ureteropelvic junction stricture (A). Because the re- 
ferring pediatrician persuaded us not to try to treat this patient’s infection, a radical ex- 
cision of the pelvis and ureteropelvic junction was carried out. After the ureter was resewed 
to the pelvis a 1 cm. incision was made in the posterior pelvic wall as a substitute for catheter 
drainage. Within 2 weeks the urine culture became sterile. An intravenous urogram (B) 
showed an almost normal left kidney 5 months after the operation. 





Fig. 4. A 4-year-old boy with Hirschsprung’s disease developed progressive dilatation of the 
pelvis and calyces of the right kidney (A). Because this dilatation occurred in the absence 
of a urinary infection, the renal pelvis and ureteropelvic junction were excised. A vent in 
the posterior pelvic wall was used in place of a catheter. While no urinary infection has 
developed, the hydronephrosis has not disappeared (B). This was the only instance of failure 


in our series of 10 patients. 
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The external anal sphincter in cases 
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he presence of an external anal sphinc- 
ter of voluntary striated muscle in the 
perineum of infants born with an imperforate 
anus has been clinically recognized by many 
surgeons who have performed corrective pro- 
cedures for the abnormality. Studies to sub- 
stantiate the clinical impression of an inde- 
pendent development of the external sphinc- 
ter have been few. 

Bill’ has noted in an embryologic study of 
the normal migration of the anal opening 
that the external anal sphincter muscle and 
its nerve supply develop independently in the 
normal position in the perineum and appear 
to be derived from the anal tubercles and 
not the rectum. Harken* has reported a 
microscopic study of the perineal tissues of 
an infant who died after an operation for 
an imperforate anus. In sections taken 
through the perineum, striated muscle fibers 
were present which were suggestive of an 
external anal sphincter. Scott,® in a deserip- 
tion of the autonomic nerve supply in cases 
of imperforate anus, also ascribes an inde- 
pendent development to the external anal 
sphincter. Stephens® agrees that the external 
anal sphincter develops in relation to the 
proctodeal pit, but believes that this may be 
rudimentary or absent in cases of imperforate 
rectum. He states that the external sphincter 
is rudimentary, and it is of no value for 
reconstructive surgery. 

The early normal development of the ex- 
ternal anal sphincter in the human embryo 
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of imperforate anus: 


a pathologic study 


has been described by Tench.’ The external 
sphincter is found beneath the anal tubercles 
in as early a stage as the 22 mm. embryo. 
The muscle develops in connection with the 
anal tubercles, which first appear posterior 
and lateral to the cloacal membrane. In the 
35 mm. embryo the anal tubercles unite 
anteriorly to encircle the orifice of the bowel. 
The muscle fibers of the external sphincter 
develop in a similar fashion posteriorly and 
laterally, with final union anteriorly. John- 
son* states that the external anal sphincter 
in the human being appears in the 22.8 mm. 
embryo, while the circular layer of the 
colonic muscle which forms the internal 
sphincter is recognizable in the 99 mm. em- 
bryo. These descriptions are in accord with 
the modern concepts of the anatomy of the 
anal canal as described by Goligher.’ 

In the present investigation a review was 
made of all patients on which autopsy was 
performed at the Children’s Medical Center 
or Children’s Hospital from 1920 to 1955 in 
whom an anatomic diagnosis of imperforate 
anus had been made. Many of the patients 
seen early in the series had died after only a 
colostomy had been performed, and _ the 
rectal pouch and perineum were unchanged 
from the original abnormal state. In other 
cases death had followed reconstructive 
operations. There was a total of 102 infants 
and children with a diagnosis of imperforate 
anus on whom autopsy was_ performed. 
Thirty-one patients’ files contained a section 
of the perineum. Sixteen of the slides, un- 
selected except on the basis of technical 
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quality, comprise the material upon which Case 4. Baby S., a male with a type 3 im- 
this study was based. perforate anus and high rectovesical fistula, died 
at 6 weeks of age from septicemia. The infant was 
FINDINGS also found to have clubfeet and a hypospadias. 
An unsuccessful attempt at perineal repair had 

Table I shows a summary of the 16 cases. 


In all but one of the specimens a striated 
muscle sphincter was present in the perineum 
of the infant. The sphincter appeared to be 
a definite structure, distinct, and of a size 
comparable to that of the surrounding struc- 
tures. The external anal sphincter was ob- 
served in the presence of both high and low 
pouches and in the presence of vaginal and 
urinary fistulas. 


CASE REPORTS 


Case 1. E. I., a female infant with a type 2 
imperforate anus which had been treated by 
dilatation only, died at 6 months of age from 
renal rickets. At autopsy definite striated muscle 
bundles were found posterior to the rectal wall, 
but no fibers were noted anteriorly. Fig. 1 shows 
the rectal wall with its columnar epithelium and 
the junction with the squamous epithelium of the 
anus. An enlargement of the distal portion of the 
circular smooth muscle layer of the bowel appears 
to form an internal sphincter. Laterally an ex- 
ternal sphincter is seen which extends superiorly 
to merge with the fibers of the levator ani. Two 
divisions of the external anal sphincter can be 
identified. 

Case 2. J. E., a female infant with a type 3 
imperforate anus and high rectovaginal fistula, Levator m...... 
died at 5 days of age from septicemia and pneu- Longitudinal rit. 
monia. The infant was also found to have a Civeulas 
double uterus with single cervix and vagina. On 
the second day of life a colostomy had been per- 
formed. Fig. 2 shows a longitudinal section taken 
through the perineum which demonstrates an anal 
dimple. Superior to this distinct bundles of striated 
muscle of an external anal sphincter can be seen. 
The levator ani is present more superiorly along 
with a portion of the rectal pouch. uu 

Case 3. Baby A., a female infant with a type 
3 imperforate anus and high rectovaginal fistula, 
died at 9 days of age from a congenital cardiac 
lesion. An exstrophy of the bladder was also 
present. Six coronal sections were taken through 
the region of the bladder, vagina, and rectum. 

Fig. 3 shows a section which includes the rectal 

pouch, levator ani, and an anal dimple in the - 

perineal skin. No external anal sphincter could vat ae et 
be demonstrated in this case. The contrast of aN eT pee et ete abe 
this section with others which show an external 2 * aaa — 
anal sphincter clearly points out the distinct Fig. 3. Case 3. A, Coronal photomicrograph and 
entity of the muscle when present. B, drawing of the section. (x12; reduced %.) 












Fig. 4. Case 4. 
anal region. (x12; reduced %.) 
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Table I. Summary of 16 cases 
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A, Longitudinal photomicrograph and B, drawing of the section through the 











Age at External Plane of 
Fistula Operation death sphincter sections 
1 2 None None 64 mo. Yes Longitudinal 
2 3 Rectovaginal Colostomy 5 days Yes Longitudinal 
3 3 Rectovaginal None 9 days No Coronal 
I 3 Rectovesical Perineal repair 6 wk. Yes Sagittal 
attempted and 
sigmoidostomy 

3 None Anoplasty 4 days Yes Longitudinal 
3 Rectovesical Anoplasty 5 days Yes Longitudinal 

3 Rectourethral Anoplasty 5 days Yes Transverse 
3 Rectourethral Sigmoidostomy 3. days Yes Longitudinal 
transverse 

3 Rectourethral Sigmoidostomy 3. days Yes Transverse 

3 Rectourethral Sigmoidostomy 4 days Yes Transverse 
3 None Anoplasty 2 mo. Yes Longitudinal 
3 None Anoplasty $f mo. Yes Longitudinal 
3 Rectovaginal Anoplasty 9 days Yes Longitudinal 
3 Rectourethral Anoplasty 1 mo. Yes Longitudinal 
3 None Anoplasty 3 mo. Yes Longitudinal 
3 None Sigmoidostomy 0 days Yes Longitudinal 
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been made on the second day of life, followed by 
a sigmoidostomy. 

Five longitudinal sections were taken through 
the anal region. These demonstrate (Fig. 4) a 
shallow anal dimple, above which can be seen 
bundles of striated muscle compatible with an 
external anal sphincter. Superior to this is the 
smooth muscle wall of the rectal pouch which is 
lined by columnar epithelium. 

Case 5. E. M., a male infant with a type 3 im- 
perforate anus, died at 4 days of age and 30 hours 
after anoplasty. At autopsy the infant was found 
to have retroperitoneal bleeding and pulmonary 
edema. The single section taken through the 
region of the anoplasty (Fig. 5) shows no evi- 
dence of adherence. Inflammation and edema are 
seen in the rectal wall. In the adjacent perineum 
are striated muscle bundles which show consider- 
able destruction from the inflammation. 

Case 6. J. S., a male infant with a type 3 
imperforate anus and rectovesical fistula, died 5 
days after abdominoperineal anoplasty with aspira- 
tion pneumonia and a type 5 tracheoesophageal 
fistula. 

Longitudinal sections taken through the site 
of the anastomosis (Fig. 6) show a distinct 
striated muscle sphincter to be present. There is 
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adherence of the anastomosis. In the region of 
the external anal sphincter an abscess has de- 
veloped, and necrosis of muscle fibers secondary 
to inflammation can be seen. 


DISCUSSION 


The findings of this study substantiate the 
clinical impression that an external anal 
sphincter usually develops in the normal 
location in cases. of imperforate anus despite 
the failure of migration of the rectal open- 
ing to its normal position. Whether this in- 
dependent development always occurs cannot 
be stated because in 1 case routine sections 
failed to show the presence of an external 
anal sphincter, although the levator ani was 
present. In terms of operative approach, 
however, it seems reasonable to assume the 
presence of an external anal sphincter which 
is adequate for utilization. The findings also 
appear to show that the sphincter, though 
small, is proportional and is not a fragmen- 
tary structure to be disregarded. 
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Fig. 5. Case 5. A, Photomicrograph and B, drawing of the section. (x10; reduced 2.) 
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Fig. 6. Case 6. A, Coronal photomicrograph and B, drawing of the section. (x20; reduced 25.) 


In the one infant with a type 2 abnor- 
mality it was found that external anal sphinc- 
ter fibers were absent anteriorly. This sug- 
gests the possibility of an ectopic location of 
the anus in this case, and emphasizes the 
necessity for perineal anoplasty rather than 
simple dilatation for best functional result. 

The destructive consequences of infection 
and hematoma formation are clearly illus- 
trated by the 2 cases shown (Fig. 6) in 
which complications followed anoplasty. It 
appears that patients in whom no function- 
ing external anal sphincter is present in 
later life may have loss from these complica- 
tions rather than a congenital absence of the 
external anal sphincter. 


SUMMARY 


A microscopic study of autopsy sections 
from 16 infants with imperforate anus has 
been made to determine the presence of an 
external anal sphincter. In all but one an 
external anal sphincter was demonstrable. 
The importance of this finding in the opera- 
tive correction of the abnormality and the 


consequences of infection or bleeding in re- 
lation to the sphincter have been discussed. 
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eferences to gastric operations date 
back to 400 B.c. On the second pillar in the 
temple of Aesculapius at Epidauris, Greece, 
is inscribed the case history of a man with 
gastric ulcer.° “A man with an ulcer in his 
stomach. He incubated, and saw a vision: 
the god seemed to order his followers to seize 
and hold him that he might incise his stom- 
ach. So he fled, but they caught and tied 
him to the door knocker. Then Aesculapius 
opened his stomach, cut out the ulcer, sewed 
him up again, and loosed his bonds. He went 
away whole, but the floor of his chamber 
was covered with his blood.”+ (Note the 
early ambulation! ) 

In the period of the renaissance of surgery 
that followed the discovery of anesthesia, 
Péan (1879) and Rydygier (1880) attempted 
pylorectomies without success. 

Theodor Billroth performed the first suc- 
cessful pylorectomy on Jan. 29, 1881. On the 
sixth postoperative day, he wrote one of 
the most delightful documents in the history 
of surgery, in which he recounted the prob- 
lems that beset him.*? This open letter to 
Dr. L. Wittelshoefer gives us an insight into 
the character of one of the most striking 
surgical figures of all time. 

Billroth received his training under von 
Langenbeck at the University of Berlin. 


“Translation reprinted from Milestones in Modern Sur- 
gery, 1958, with permission of Paul B. Hoeber, Inc. 
jEdelstein and Edelstein? interpret this testimony (stele 
2, No. 27) using the word abscess for ulcer, and the 
word abdomen for stomach. 
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by Prof. Th. Billroth 


In 1860 he accepted the chair in surgery 
at Zurich in preference to a chair in pathol- 
ogy which ultimately went to Virchow. 

At Zurich, Billroth wrote an excellent 
textbook on surgical pathology which was 
translated into 10 languages. He also em- 
ployed some of the finest artists in Europe 
to make drawings of surgical specimens, but 
despite an 18-hour working day, his atlas 
never was completed.* 

In 1867 he returned to Vienna and started 
the most famous surgical clinic in Europe. 
Halsted and many other American visitors 
were influenced by this school. He carried 
out extensive animal experimentation before 
embarking upon new procedures. He en- 
couraged his pupils to think independently 
and wrote a remarkable treatise on how to 
teach the medical sciences,® which is worthy 
of perusal today. 

He was an inspiring teacher who trained 
such men as Mikulicz, Czerny, Woelfler, 
Gussenbauer, and Eiselsberg. He took great 
pride in his assistants as is evident in the 
letter. Despite his many daring accomplish- 
ments (esophagectomy, total laryngectomy, 
and thyroidectomy), Billroth’s greatest con- 
tribution to surgery was his honest and accu- 
rate method of reporting statistics. He was 
the first to publish his total surgical experi- 
ences which included his failures as well as 
his successes. Samuel D. Gross, the Dean of 
American Surgery at that time, said to Bill- 
roth, “You have given your students the 
complete truth as one rarely hears it.”? 
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Fig. 1. Theodor Billroth (1829 to 1894). 


Billroth was a fine musician and for many 
years wrote a music column for a Vienna 
newspaper. He had a close relationship with 
Brahms, and it is said that after hearing 
some of that master’s compositions, he 
burned many of his own. 

The mottoes that guided Billroth through- 
out his life were “nunquam retrorsum,” “per 
aspera ad astra,” and “durch Klarheit zur 
Warheit.” 


Open Letter 
To Dr. L. Wittelshoefer 
By Prof. Th. Billroth 
Vienna, Feb. 4, 1881 
My Esteemed Colleague: 

It is with great pleasure that I comply with 
your request to relate to you the details of the 
stomach resection I performed on Jan. 29 of this 
year. It is essentially a question dealing with the 
problem of whether the all-too-frequent stomach 
cancer, against which all internal therapy is help- 
less, can be cured surgically. 

Seventy years have passed since a young physi- 
cian, Karl Theodor Merrem, published a disser- 
tation in which he proved, through experiments 
with dogs, that the pylorus can be extirpated and 
that the stomach can be joined with the duode- 
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num; two of three animals so operated upon su) 
vived. He was heroic enough to propose that th 
operation could be carried out on human bein 
with incurable pyloric carcinoma. However, on tl 
one hand, the opinion that the processes of life, its 
disturbances and its equilibrium is the same in 
animal and human bodies had not yet been esta 
lished; on the other hand, the operative techniq 


was not yet advanced enough for the meaning of 


these experiments to be grasped entirely and the 
physiological results correlated to humans. The 
question concerning the best technique of combin- 
ing stomach and intestinal wounds has perplexed 
surgeons for some time and comes up again and 
again in discussions. The leading anatomists and 
surgeons of France, England and Germany have 
busied themselves with this topic in the course of 
this century since Lembert found the only proper 
principle for this operation (exact apposition of 
serosa to serosa). After this came many successful 
utilizations of this suture for intestinal lacerations. 
As regards extirpation of diseased intestinal por- 
tions, certainly no one as yet has had the courage 
to do so. Only in the course of the last decade 
were new and satisfactory advances ushered in in 
this field. 

In 1871 I proved that one can extirpate pieces 
of the esophagus in large dogs. The esophagus 
healed well with a slight narrowing which could 
be dilated easily. Czerny was the first to perform 
this operation successfully in man. Then followed 
Czerny’s experiments on the extirpation of the 
larynx, a few years after which I successfully re- 
moved a carcinomatous larynx in a human being. 
There followed the experiments of Gussenbauer 
and Al. v. Winiwarter of resections of pieces 
of bowel and stomach, which in turn were proven 
and enlarged upon by Czerny and Kaiser. Mar- 
tini’s and Gussenbauer’s success in resection of the 
sigmoid and my successful gastrorrhaphy (1887 
proved that further advances in this realm would be 
feasible. The last-mentioned operation also elimi- 
nated the question of whether the gastric juices 
would dissolve the scar of the stomach thus 
formed. That is why I closed the report of that 
operation with these words, “It is only a coura- 
geous step from this operation to the resection of a 
piece of carcinomatous degenerated stomach.” 

In order to quiet the opinions of those who 
think of my present operation as being an ex- 
tremely heroic experiment on humans, I have 
given the foregoing introduction. It is not bold by 
any means. The basis for resection of the stomach 
is anatomically and physiologically sound, as shown 
by my students and myself. Every surgeon who has 
had personal experience in these animal experi- 
ments and similar operations in humans comes to 
the conclusion that resection of the stomach in the 
human also must and will succeed. Péan, a Pa- 
risian surgeon with the greatest experience in 
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laparotomy, came to this same conclusion. In 1875 
he resected a carcinomatous pylorus having a 
spread of 6 cm. in a patient who was cachectic 
and died four days postoperatively. The method 
of operation he used and also the suture material 
(catgut) seemed to me to be ill-chosen so that I 
do not esteem his failure too highly. The operation 
did, however, discourage Péan himself since other- 
wise he would have repeated it; but so far as I 
know he did not. Also, as far as I know, no other 
surgeon dared this difficult operation. The few 
cases which I chanced to see in the last few years 
did not seem to lend themselves for the first 
operation of this kind. It was not until last week 
that my clinical assistant, Dr. Wélfler, showed me 
a female patient who suffered, without a doubt, 
of a movable carcinoma of the pylorus. After a 
few days of observation and repeated examina- 
tions I was prepared to undertake this operation 
to which the patient consented, since she felt that 
because of her increased debility and inability to 
retain food, her end would be near. 

This 43-year-old woman had always looked pale 
but had been healthy and well-nourished in the 
past. In October, 1880, she rather suddenly took 
sick with vomiting. Soon the symptoms of a car- 
cinoma of the stomach with stenosis of the pylorus 
developed, the characteristics of which I shall not 
describe since they are well known. She vomited 
coffee-ground stomach content only a few times; 
the extraordinary pallor and loss of weight, as 
well as the thin, rapid pulse, had occurred only 
in the last six weeks. Because of the small amount 
of food and the continuous vomiting the only 
thing that saved her from complete starvation was 
the ability to retain some quantity of sour milk. 
Preparation for the operation consisted of getting 
the patient used to peptone enemas and washings 
of the stomach with the well-known method of 
injection and pumping out. I shall not now men- 
tion all the preliminary plans we considered in 
the event that during its course, the operation as 
such would prove not to be feasible, or that the 
union of stomac!: and duodenum after the excision 
should be impossible. I also reserve for a later, 
more detailed report the mention of especially 
important details of the operative technique. Be- 
cause of the great debility of the patient and the 
expected long duration of the operation (Péan’s 
took 2% hours), I asked H. Barbieri, my well- 
versed private assistant, to administer the ancs- 
thesia. You understand that I wanted to apply 
myself solely to the operation without having to 
fret about the anesthesia. The operating room, 
especially equipped for laparotomies, was for well- 
known reasons heated to 24° Reaumur. All my 
assistants were aware of the great importance of 
our undertaking; there was not the slightest inter- 
ference nor a single minute of unnecessary stop- 
paze. The movable tumor, the size of a medium 
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apple, was situated just above and to the right of 
the umbilicus. A transverse incision about 8 cm. 
long was made over the tumor through the thin 
abdominal layers. The tumor was difficult to de- 
liver because of its size—it proved to be a par- 
tially nodular, partially infiltrated carcinoma of 
the pylorus involving more than one third of the 
lower portion of the stomach. Separation of the 
adhesions to the omentum and the _ transverse 
colon. Careful separation of the greater and lesser 
omentum—ligation of the blood vessels before cut- 
ting them. Extremely small loss of blood. Com- 
plete exteriorization of the tumor outside the 
abdominal wall. Cut through the stomach 1 cm. 
proximal to the infiltrated part; at first only pos- 
teriorly, then also through the duodenum. The 
cut ends could be brought together. Six sutures 
through the edges of the wound but not yet tied, 
the thread being used only to keep the edges of 
the wound in situ. Further incision through the 
stomach obliquely from above and inferiorly to 
below and exteriorly, always 1 cm. removed from 
the infiltrated part of the stomach wall. Next, 
union of the oblique wound of the stomach from 
below to above until the opening was just big 
enough to fit the duodenum. Thereafter complete 
removal of the tumor from the duodenum 1 ¢m. 
distal to the infiltration, by means of an incision 
parallel to the incision in the stomach (oval am- 
putation). Exact fitting of the duodenum to the 
remaining opening in the stomach. Altogether 
about 50 sutures with Czerny’s carbolized silk, 
cleaning with 2 per cent carbolic lotion. Review 
of the entire suture; a few more auxiliary sutures 
in apparent weak spots. Reposition into the ab- 
dominal cavity, closure of the abdominal wound, 
dressing. 

The operation lasted, including the slowly in- 
duced anesthesia, 1% hours. No weakness, no 
vomiting, no pain after the operation. Within the 
first 24 hours only ice by mouth, then peptone 
enema with wine. The following day, first every 
hour, then every half hour, 1 tablespoon of sour 
milk. Patient, a very understanding woman, feels 
well, lies extremely quiet, sleeps most of the night 
with the help of small injections of morphine. 
No pain in the operative area, subfebrile reac- 
tion. The dressing has not been changed. 

Broth was tried but denied by the patient so 
that only sour milk in the quantity of 1 liter was 
taken. The peptone and pancreas enemas gave 
mild flatulence and colic and were therefore dis- 
continued. An injection of a little wine two or 
three times daily by rectum is agreeable to the 
patient. Yellow pasty stool as with nursing babies. 
The pulse is by far quieter and stronger than 
before the operation. Thus it goes without the 
slightest setback. As proof of the well-being of 
the patient I want to tell you that the day before 
yesterday, I had to bring her from her isolated 
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room to a general room because she couldn’t talk 
enough with another patient who had had an 
oophorectomy the same day. 

The excised piece was (terrible to say) 14 cm. 
at the greatest curvature, and through the pylorus 
one can just about force the shaft of a feather. 
The shape of the stomach is little altered—it is 
only smaller than before. 

I am happily astounded over the extremely 
smooth course; I expected more local and general 
reaction; I might almost say I expected more 
naughtiness from the stomach. I still cannot quite 
believe that everything will continue as well. 
There could be a relapse into the prior debility— 
this would be the most fatal complication since 
nothing more could be done about it. The wound 
and everything around it must be by now, after 
a six-day course, without reaction so that even 
if one or the other of the sutures should suppurate 
a general peritonitis should not be expected. There 
could be _ circumscript suppurations—abscesses 
around the scar. We hope we shall discover them 
early enough so that we can drain them. 

The course thus far proves the feasibility of 
the operation. The objective of further studies has 
to be the indications and contraindications and 
the techniques for different cases. I hope we took 
a good step in the right direction to cure some 
of the unfortunates who have been thought to be 
incurable thus far, or at least to alleviate the 
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pains of those who finally will succumb to car 
cinoma and its metastases. Please forgive me if ! 
have a certain pride in the works of my pupil 
which made this progress possible. 

Nunquam retrorsum! was the watchword of m 
teacher, Bernhard v. Langenbeck— it shall be min: 
and that of my pupils. 
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1860 Pasteur demonstrates presence of bacteria in air. 
Lemaire points out antiseptic properties of carbolic acid... . 
1867 Lister introduces antiseptic surgery. 
F. H. Garrison 
An Introduction to the History of Medicine 


or a long time, medical historians and 
sociologists have pondered the question of 
what causality patterns or particular sets of 
circumstances ensure the success of certain 
discoveries. What tangible cycle of events 
relegates an important contribution to 
Lethean obscurity until it is rediscovered— 
sometimes decades later? What temporal and 
social phenomena assure one man immor- 
tality and consign another, perhaps a little 
less great but nevertheless deserving, to 
oblivion? Goethe’s statement, “The most 
beautiful discoveries are made not so much 
by men as by the period,” was echoed by 
Weir Mitchell when he wrote, “The success 
of a discovery depends upon the time of its 
appearance.” These assertions are not en- 
tirely tenable, and the questions asked can- 
not be resolved by dialectics alone. Even 
under the most propitious circumstances, 
significant inventions or discoveries may 
enjoy evanescent favor and then be ignored 
for reasons which remain imponderable. 
Innovations in medicine which have not 
involved a race for priority are few indeed. 
The annals of medical history bear sparse 
reference to contributions which can be con- 
sidered distinctive in the sense that they were 
neither the fruit of simultaneous ingenious 
efforts, nor perhaps the final stone upon an 
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edifice built on foundations which had been 
laid by others.* *° 

One of the most pre-eminent achievements 
of the nineteenth century in the haphazard 
but inexorable progress of medicine and 
surgery was the establishment in practice of 
principles of antisepsis. Lister stands out 
above all those who contributed to this ac- 
complishment and rightly so, for the far- 
flung influence of his genius and the impact 
of his tenacity of purpose and earnest con- 
victions are indisputable. But it was the 
very dominant role of Lister which was re- 
sponsible for an inadvertent blurring of 
historical perspective. 

Inference is often made in many current 
accounts of the inception of antisepsis in 
surgery that Lister was its sole architect. 
However, there were others who labored 
diligently and faithfully whose names are 
indissolubly associated with this magnificent 
achievement, but to whom written historical 
chronicles have not apportioned laurels. One 
of these, a zealous investigator and great 
benefactor of medical science who certainly 
merited a far kinder fate from posterity than 
total eclipse, was Jules Lemaire. His work 
was carried out at the end of a long line of 
scattered events which over many years had 
yielded almost imperceptible hints concern- 
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ing the place coal tar and phenol were 
destined to occupy in surgical endeavors. 


STORY OF COAL TAR AND 
ITS DERIVATIVES 


Pliny relates that wood tar, then desig- 
nated as pitch, was employed by the Ancients 
to preserve the wood of barrels and ships. 
In Egypt, at that epoch, the same material 
was smeared on cadavers to retard decom- 
position. Matthiolus, in his Commentaries 
on Dioscorides, mentions similar uses. For 
several centuries thereafter, native tar was 
employed to prevent rotting in the rigging, 
cables, sails, and pulleys of seacraft. Crude 
oils from tar were also used to destroy in- 
sects. 

Tar was first extracted from coal by Lord 
Dondenald and by Faujas de Saint-Fond. In 
1815, Chaumette recognized its antiseptic 
action, but did not pursue this lead. Creosote 
was first obtained in 1828 by Reichenbach, 
who attributed to it the antiputrefactive 
powers of vegetable tar. He proposed several 
uses for this product in medicine and 
hygiene, and also suggested that it be em- 
ployed in dietetics for conserving meats. 
Guibourt, in 1833, and Siret, in 1837, recom- 
mended coal tar as a general disinfectant. 

In 1834, Runge discovered in tar a sub- 
stance which, because of its origin, he 
called carbolic acid. He demonstrated its 
water miscibility and the toxic effects of the 
solution on fish and leeches. He commented 
on its disinfectant and antiputrefactive 
properties, and applied it for the protection 
of animal hides from the ravages of insects. 
This material was given several other names. 
Laurent called it phenic acid, Dumas phenic 
alcohol, and Berthelot phenol. The _illus- 
trious German chemist Liebig devoted much 
study to the properties of this substance, in- 
cluding its toxicity on fish and its effect on 
animal flesh. In 1840, creosote was officially 
adopted by the French, British, and Dutch 
navies for preserving wooden vessels, and 
their respective governments decreed its use 
for the protection of the timber of railroad 
tracks and telegraph poles from insects. 

In 1844, Bayard received an award from 
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the Société d’ Encouragement for devising 


a powder effective as a disinfectant for 
numerous hygienic purposes. His mélange 
consisted of coal tar, chalk, iron sulfate, and 
clay. In 185i, Calvert of Manchester used 
carbolic acid to preserve horse meat and 
for intra-arterial injection in embalming 
processes. 

In 1858, Corne obtained a patent for his 
formula of an admixture of plaster and coa! 
tar. Hitherto, powders of this composition 
had been reserved for disinfecting and 
solidifying manure for fertilizer. The follow- 
ing year, Demeaux proposed before the 
French Academy of Sciences that Corne’s 
preparation be used to disinfect wounds. His 
report on the use of the preparation at the 
Charité and other hospitals in Paris and 
in the infirmaries of the army of Italy pro- 
voked great interest. 

Some of this initial enthusiasm was 
braked by sundry communications about 
difficulties inherent in the application of the 
powder to raw wounds. Coal tar, to be re- 
duced to a coarse triturate, needed 97 to 98 
parts of the chalky excipient, so that only 
a small fraction of active ingredient remained 
to exert its influence. Solid caking occurred 
in wounds and proved bothersome. There- 
fore, although the disinfectant powers of the 
mixture were acknowledged, it was deemed 
too inconvenient and messy for general use. 
The Gallic surgeons of the time found odium 
in messy preparations, and seemingly were 
willing to relinquish this one only too readily. 

The main antagonist to coal tar was 
Velpeau, the unchallenged supreme high 
priest of French surgery of that epoch. He 
attempted to impose a quietus on the half- 
fledged topical medicament. On Feb. 9, 
1860, Velpeau addressed the Academy of 
Sciences and stated his objections to the 
Corne-Demeaux powder: 


In spite of certain definite advantages, it has 
many drawbacks. The powder is dirty, ill-colored, 
and stains the patient’s linen. It hardens, and 
causes pressure on and around the wounds dressed 
with it. It stains the compresses also, and requires 
to be frequently renewed; moreover, although it 
does destroy the putrid odor of suppuration, yet 
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it leaves behind a bituminous flavor which may 
not be pleasing to everyone. 


LEBEUF, LEMAIRE, AND 
SAPONIFIED COAL TAR 


At this juncture, the reader may wonder 
why the objections to the powder of Corne 
and Demeaux were not overcome by the 
use of such solvents as ether, alcohol, or 
volatile oils as a vehicle. Such dispersion 
media, besides being expensive, materially 
altered the quality of coal tar, and the 
irritant effect they exerted on open wounds 
made their use prohibitive. Ferdinand 
LeBeuf, a pharmacist of Bayonne, provided 
an answer to the dilemma. 

LeBeuf had been interested in the process 
of saponification to form active suspensions. 
In 1850, he reported to the French Academy 
of Sciences, stating, “All substances insol- 
uble in water but soluble in alcohol, upon 
the addition of saponin to their alcoholic 
solution at once become minutely divided 
and form stable emulsions.” 

He created such a detergent emulsion with 
coal tar by saponifying it with Panama bark 
(Quillaja saponaria). With laudable dis- 
interestedness, he gave full publicity to his 
formula without claiming patent rights, and 
made several demijohns of his compound 
available to those who still espoused the 
cause of coal tar for antisepsis. The signif- 
icance of saponifying coal tar was that, were 
its biologic attributes not vitiated in the 
process, a means would be provided for 
preparing lotions, injectable fluids, irrigation 
fluids, and compresses. LeBeuf was anxious 
to have this confirmed by a physician. He 
consulted Jules Lemaire, a respected physi- 
cian and pharmacist, who consented. Lemaire 
immediately undertook not only to determine 
the feasibility of employing saponified coal 
‘ar clinically, but also to trace the prime 
constituent of coal tar responsible for its 
antiseptic effect. 

The opportunity to undertake the first of 
these objectives presented itself in August, 
1859. The emulsified coal tar preparation 
was employed on a patient with a large 
gangrenous wound of the gluteal fold. The 
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new medicinal cleansed the offensive and 
fetid ulcerations, resolved the purulent in- 
fection, and accelerated healing. Resolution 
was so dramatic that a preliminary report 
was made by Lemaire and LeBeuf to the 
Academy of Medicine on Sept. 8, 1859. A 
second, more detailed explanatory note was 
made by Lemaire 2 weeks later, presenting 
new facts and emphasizing” . . . all the ad- 
vantages surgery would enjoy from this 
preparation.” 

The extraordinary effects of the suspen- 
sion were promptly attested to by a number 
of physicians from Paris, southern France, 
Brussels, and Madrid. Notes about similar 
observations in veterinary medicine appeared 
in the Gazette Médicale in December, 1859. 

Velpeau was now officially charged by the 
Academy to present his views on the use of 
saponified coal tar for antisepsis. Velpeau, 
whose brilliance was not matched with cir- 
cumspection and a dispassionate tempera- 
ment, treated the whole matter with im- 
patience and annoyance. He did not fail to 
dash off a report, but it was written too 
hurriedly to indicate that he had subjected 
the preparation to proper assessment. He 
wrote: 


We have tried it either in lotions, fomentations, 
or by soaking linen; the truth is that most of the 
patients complained of it quite keenly, that the 
wounds almost disclosed nothing satisfactory, and 
that, from its use, disinfection remained very 
imperfect. . . . Saponin and coal tar have not 
seemed to us to constitute a topical agent prefer- 
able to several other liquids known for the dress- 
ing of wounds, such as tincture of aloes, for 
example. 


Velpeau showed rather retrogressive think- 
ing in assigning to coal tar a place exclu- 
sively in entomology. He commented favor- 
ably on the disappearance of roaches and 
other vermin from his surgical amphi- 
theaters after the use of coal tar, but neither 
offered nor sought explanation for this oc- 
currence. 


LEMAIRE’S INVESTIGATIONS 


A man with less zest than Lemaire might 
have been totally discouraged by Velpeau’s 
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indictment. His reaction to the illustrious 
surgeon’s petulance was: 


Such a judgment, tendered by a man so 
eminent, saddened but did not discourage me. I 
redoubled my efforts, I multiplied my researches, 
I made inquiry from a large number of physi- 


The investigations made thereafter by 
Lemaire were as intensive as they were ex- 
haustive. 

Athanasius Kircher had, in 1638, proposed 
an “animate pathology,’ hypothesizing that 
contagious diseases were propagated by 
animalcules, or micro-organisms.* Louis 
Pasteur’s momentous work on _ fermenta- 
tion and so-called “spontaneous genera- 
tion” firmly established the bacterial etiology 
of many diseases.° Lemaire’s writings, con- 
temporaneous with Pasteur’s, show a remark- 
able insight of the pathogenesis of infection 
in wounds. On Feb. 25, 1862, Lemaire wrote 


hopefully: 


Mr. Pasteur has made new experiments, I my- 
self have made a fairly large number; we have 
each followed a different road which has led us to 
results such that today the question of the nature 
of ferments appears to me resolved. What I wish 
to do is to specify the dates, so that it may be 
possible (if it is desired to do it some day) to 
accord to each of us the part he has taken in the 
solution of this important question. 


He was quick to grasp that it was phenol, 
and not aniline, benzene, or other hydro- 
carbons, that was the salubrious agent in 
coal tar. Besides making a thorough chem- 
ical and physical analysis of these substances, 
he assessed the properties of phenol and 
saponified coal tar by various pharmaco- 
logic, biologic, and botanical experiments. 
His writings on the subject are included in 
the following list, in the chronological order 
of their publication: 


1. Saponified Coal Tar. Powerful Disinfectant 

Stopping and Preventing Fermentations 

Considerations on the Role of Infusoria and 

Albuminoid Substances in Fermentation, Ger- 

mination and Fecundation 

3. New Observations on the Applications of 
Saponified Coal Tar in Therapy 


ho 
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4. Phenic Acid. Its Action on Botanicals, Animals 
Ferments, Toxins, Viruses, Miasmata, and It 
Applications to Industry, Hygiene, Anatomica 
Sciences and Therapy 

5. New Researches on Ferments and Fermenta 
tions 

6. Researches on the Nature of Miasmata Emanat 
ing From the Body of Healthy Man 

7. Typhus, Cholera, Plague, Yellow Fever, Inte: 
mittent Fevers, Dysentery and Hospital Putre 
faction, Are They Due to Infusoria Acting as 
Ferments? 

8. Researches on the Role of Infusoria in Generai 

9. The Cemetery of Méry-sur-Oise and Sepul- 
tures in General. New Methods to Disinfect 
Bodies to Prevent Their Putrefactive Alteration 
and to Prevent the Contagious Diseases to 
Which They May Give Rise 


Saponified Coal Tar was published in 
1860, and was a 92-page brochure. It con- 
tained some 80 observations on man and 
animals, including 15 cases of gangrenous 
wounds. In this work, Lemaire stated his 
opinion that the germicidal action of coal 
tar was due to phenic acid. “New Observa- 
tions on the Applications of Saponified Coal 
Tar in Therapy” appeared in the May and 
August, 1861, issues of Moniteur des Sciences 
Meédicales. It contained 26 case reports, 10 
of which concerned gangrenous wounds. 
Phenic Acid was a 432 page book when pub- 
lished in November, 1863. It was so well re- 
ceived that by March, 1865, there were no 
copies available, and additional requests for 
more than 200 copies within the next 5 
months could not be supplied by bookstores. 
The second edition appeared in the latter 
part of 1865 and contained 754 pages (Fig. 
1). The first part was devoted to the history 
and the uses of coal tar, Chapter 1 traced 
the history and properties of carbolic acid 
already recognized, Chapter 2 was a study of 
the action of carbolic acid upon plants and 
animals, Chapter 3 was devoted to its action 
upon fermentation in living and in dead 
tissues, Chapters 4 and 5 to its practical uses 
in the destruction of parasites and micro- 
phytes, Chapter 6 to its application to 
hygiene and use as a disinfectant, Chapter 7 
to its use in the anatomic sciences and as 
a preservative, Chapter 8 to its therapeutic 
uses in safeguarding wounds from infection, 
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Fig. 1. Title page of the second edition of 
Lemaire’s book on carbolic acid. Lister’s essays 
were published in 1867, 4 years after the first 
edition. (Reproduced by overmission of the 
National Library of Medicine, Washington, D. C.) 


in diseases of the skin, and its internal use, 
and Chapter 9 to various pharmaceutical 
formulas containing carbolic acid. Of par- 
ticular interest, considering the times, are 
the testimonials in Chapter 8 to the efficacy 
of phenol in assuaging patients afflicted with 
fetid, ulcerated cancers of the skin and 
breasts. 

The texts of both Saponified Coal Tar and 
Phenic Acid are in the collection of the 
National Library of Medicine, Washington, 
D. C. It is interesting that a noncommittal 
notice of the work on antisepsis and coal tar 
and carbolic acid preparations appeared in a 
November, 1861, issue of Lancet, the same 
journal that was to publish Lister’s essays 6 
years later. 

The continued acclaim given to saponified 
coal tar and carbolic acid by several sur- 
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geons resulted, on April 25, 1862, in its being 
authorized for use in the civil hospitals of 
Paris. Once again, the French Academy 
called on the omnipotent Velpeau to express 
his opinion. With obvious disdain, this time 
he replied, “Whether it is phenic acid, or 
even rosolic acid, brunolic acid, aniline or 
pisoline of coal tar which disinfects, it 
amounts to but little in reality, science will 
declare it some day.” [Sic! | 

Velpeau died in 1867, the same year in 
which Lister wrote his first paper on the 
use of carbolic acid in the antiseptic treat- 
ment of wounds. 

Lemaire’s varied investigations with car- 
bolic acid are too numerous to review fully. 
They included, among other things, self- 
experimentation. He noted that marks made 
on his arm with phenol persisted after 2 
years as a tattoo, whereas those made with 
an alcoholic solution of phenol remained 
only as faint traces. He thus established the 
attenuating influence of alcohol on phenol. 
He practiced phenol inhalations, and com- 
mented that his health had not been affected 
adversely. He wrote, furthermore: 


I myself took, at the outset of my experiments, 
every day during one week, a liter of phenicated 
water in one part per thousand to determine its 
mode of action. I would drink of it at breakfast, 
and would dilute my wine at meals with this 
water. I would exhale phenic acid all day through 
the respiratory passages. My urine appeared to 
have the odor of this acid, but to a faint extent. 
The use of phenic acid thus diluted has in no ways 
incommodated me. I have experienced but a 
small amount of warmth in the stomach. I 
must state that for a long time I have been 
gastralgic.... 


The second edition of Phenic Acid con- 
tains many summations of Lemaire’s con- 
cepts. He had found that minute quantities 
of carbolic acid were enough to destroy 
all micro-organisms, as well as lumbricoids, 
articulates, molds, and different kinds of 
vertebrates. He was able to distinguish be- 
tween true or living fermentations, which 
were influenced by phenol, and spurious or 
strictly chemical (enzymatic) fermentations 
which were not. As illustrations of his postu- 
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lates, the following comments are reproduced 
in context: 


Coal tar does not disinfect like chlorine and the 
salts of zinc and of iron, which transform the 
infected materials by a double decomposition or 
otherwise into inodorous bodies; it exercises no 
chemical action whatever on odorous gases, but 
acts upon the cause which produces these gases, 
that is to say upon the ferments. The odor is 
masked at first, it is true, but as the cause of 
the odor is suddenly destroyed by the arrest of 
fermentation at the moment of the mixture, the 
odor is no longer produced. 

Numerous experiences in 1860 taught me that 
saponized coal tar destroys the microphytes and 
microzoa, and that these little beings could not 
develop in its presence. . . . I found it then neces- 
sary to seek some other explanation than that 
which accords to oxygen the role of the ferment 
in albuminoid materials. The ferments are 
living beings, and in this manner all the remark- 
able facts I have observed can be explained. 

The action of coal tar on wounds has led me 

to a new theory as to the formation of pus. 
I have been able with the coal tar to arrest and 
to reproduce at will the formation of pus just as 
I have been able to arrest and reproduce fermen- 
tation and germination. I affirm that today 
with saponized coal tar it is possible to enor- 
mously reduce the formation of pus and to hinder 
its putrid changes. To make this result known 
to men of capacity is to tell them that it will 
be a great benefaction to humanity. Purulent in- 
fection, which I do not confound with resorption, 
appears to me to be the result of the action of 
the ferment of pus upon the economy. 

In my new theory as to the formation of pus, 
I have compared its globules to those one sees in 
the yeast of beer, and I have accorded them an 
analogous role. I have demonstrated that the 
appearance of these globules coincides with cer- 
tain chemical phenomena, just as in the case of 
the infusoria in fermentations. After using coal 
tar the new pus formed contains nothing more 
than serum. Since then we find in pus (and when 
I say pus it is just the same as though I said 
virus, since the viruses are but a species of pus) 
microphytes and microzoa, and since these humors 
always reproduce their own species, and since 
they have in the bodies of men and animals a 
period of incubation, of development, and multiply 
to incalculable proportions, it is impossible not to 
recognize in these characteristics the attributes of 


life. 
THE AFTERMATH 


Now enters a cryptic note. What happened 
to diminish the popularity of carbolic acid 
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and saponified coal tar in French medical 
circles so drastically after 1865? For what 
mysterious reasons were renowned surgeons, 
such as Nélaton, so resistant to their use 
that, with the exception of Mosétig and 
Mundy, physicians allowed wounds to feste: 
and men to die miserably during the humili- 
ating and disastrous war of 1870 against 
Prussia?’ Had Velpeau’s anathematic pro- 
nouncements taken such strong roots in the 
minds of his students? Or was it that in at- 
tempting to make a panacea out of carboli 
acid, in ailments ranging from asthma to 
syphilis, the physicians of the day had lost 
all understanding of Lemaire’s basic teach- 
ings? Available records shed little light on 
this enigma. 

What eventuated was that Lemaire, in- 
vested a Laureate of the Institute of France, 
received no more accolades and faded from 
the pages of medical history. His adieu con- 


sisted of the words: 


Happy am I if I have been able to attain the 
goal which is my sole ambition—to be useful. .. . 
I am but a simple artisan who brings materials to 
construct an edifice that architects more skilful 


than I shall complete. 


Lister, in turn, was to meet with relentless 
opposition and acrimonious attacks, but he 
survived these triumphant, was elevated to 
the peerage, and received international 
veneration unparalleled to date. 

Lister’s first essay on antisepsis and carbolic 
acid appeared in Lancet in March, 186/7, 
almost 8 years after Lemaire’s initial work. 
It is not the purpose of this article to elab- 
orate on Lister’s concepts or to indicate that 
in several respects they were consonant with 
Lemaire’s. His work evidently stemmed from 
independent reasoning, as expressed in his 


own words:* 


In the course of the year 1864 I was much 
struck with an account of the remarkable effects 
produced by carbolic acid upon the sewage of 
Carlisle, the admixture of a very small proportion 
not only preventing all odour from the lands 
irrigated with the refuse material, but, as it was 
stated, destroying the entozoa which usually in- 
fest cattle fed upon such pastures. 
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My attention having for several years been 
much directed to the subject of suppuration, more 
especially in its relation to decomposition, I saw 
that such a powerful antiseptic was peculiarly 
adapted for experiments with a view to elucidat- 
ing that subject, and while I was engaged in the 
investigation the applicability of carbolic acid for 
the treatment of compound fracture naturally 
occurred to me. My first attempt of this kind was 
made in the Glasgow Royal Infirmary in March, 
1865, in the case of compound fracture of the 
leg. It proved unsuccessful, in consequence, as I 
now believe, of improper management; but subse- 
quent trials have more than realised my most 
sanguine anticipations. 

[Carbolic acid was obtained] from my colleague, 
Dr. Anderson, Professor of Chemistry in the Uni- 
versity of Glasgow, a sample which he had of this 
product, then little more than a chemical curiosity 
in Scotland... . 


That Lister chanced on carbolic acid was 
fortuitous. The writings of Gordon, Charles 
White, Oliver Wendell Holmes, Ignaz Phillip 
Semmelweis, and Spencer Wells on the etio- 
pathogenesis of puerperal fever had excited 
an interest in finding measures to combat 
germ infections. A survey of the literature 
of the period reveals that scores of various 
alleged or real antiseptics were promoted for 
the treatment of wounds. For example, the 
Nov. 19, 1864, issue of the British Medical 
Journal made mention of the use of iodine 
as an antiseptic agent, and the December 24 
issue noted: 


M. Pétrequin of Lyons recommends the ap- 
plication of tincture of iodine to cut surfaces as 
a means of promoting union by first intention. 
M. Velpeau thereon suggests that the good effects 
are probably due to the alcohol in the tincture 
rather than to the iodine. [Velpeau again!] 


To repeat, Lister’s use of carbolic acid was 
fortuitous, because he was mainly concerned 
with evolving a principle of prophylaxis and 
treatment, and he did not strive for priority 
in the use of carbolic acid for antisepsis. The 
latter gloss was applied by an editorial which 
appeared in Lancet on Aug. 24, 1867. 


If Professor Lister’s conclusions with regard 
to the power of carbolic acid in compound frac- 
tures should be confirmed by further experiment 
and observation, it will be difficult to overrate the 
importance of what we may really call his dis- 
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covery. For although he bases his surgical use of 
carbolic acid upon the researches of M. Pasteur, 
the application of these researches to the case of 
compound fractures, opened abscesses, and other 
recent wounds, is all his own. The need for de- 
termining the value of carbolic acid, and the 
best form and mode of using it, is most urgent. 

At this, some of Lister’s critics took up 
arms, and indirectly became champions for 
Lemaire. One of Lister’s most vehement 
antagonists was the dour Scots obstetrician, 
Sir James Y. Simpson, who had achieved 
repute of his own by introducing chloroform 
for anesthesia. On Sept. 23, 1867, the follow- 
ing letter appeared in the Edinburgh Daily 
Review, written by Simpson under the 
pseudonym of “Chirurgicus”: 


Carbolic acid in surgery. In your issue of yester- 
day you have reprinted from the North British 
Agriculturist a long and interesting article on the 
use of carbolic acid in surgical practice. But the 
article is, I fear, calculated to bring down upon 
us some discredit—particularly among our French 
and German neighbors—inasfar as it attributes 
the first surgical employment of carbolic acid to 
Professor Lister, of the University of Glasgow, 
who has only used it a few months, whilst it has 
been employed for years past by some Continental 
surgeons, in the same cases and complications as 
those for which Mr. Lister has availed himself 
of its services. Various essays have, during the last 
six or seven years, appeared abroad on carbolic 
acid and its healing and disinfectant powers. I 
have, for example, lying before me, a thick volume 
on the subject (it extends to upwards of 700 
pages), written by Dr. Lemaire, of Paris, and the 
second edition of which was published in 1865. 
In this learned and able work, Dr. Lemaire dis- 
cusses at great length the application of carbolic 
acid to agriculture, hygiene, veterinary practice, 
medicine and surgery. He points out very fully 
and elaborately its power of destroying micro- 
scopic living organisms, germs or sporules— 
adduces the opinions on these matters of Pasteur, 
Helmholtz, Schultze, Schwann, etc., and shows its 
utility in arresting suppuration in surgery, and as 
a dressing to compound fractures and wounds. He 
dwells upon its use in many other diseases, medical 
and surgical. 


Simpson sent copies of this letter to sur- 
geons in Glasgow and elsewhere, after which 
Lancet printed a short statement in which 
it was implied that Lister had merely intro- 
duced into Britain a practice already well 
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known in France and other countries in 
Europe. 

Godlee,’ Lister’s biographer, relates what 
happened next: 


Lister had never heard of Lemaire. He wrote 
to The Lancet expressing surprise that such a 
statement should have been made on the strength 
of an anonymous newspaper letter. He tried un- 
successfully to get Lemaire’s book in Glasgow. No 
writings of his were to be found either in the 
library of the University or in that of the Faculty 
of Physicians and Surgeons. He immediately went 
to Edinburgh, where he found what he was in 
search of, in the library of the University, which 
in the circumstances need cause no surprise. 


Lister shortly thereafter wrote to Lancet 
again” to try to convey the irrelevance of the 
matter of priority for the use of carbolic acid, 
which was confounded with the surgical 
principle he had presented. 


Sir, 

Since I addressed you a week ago, I have seen 
Dr. Lemaire’s work on carbolic acid, and find 
that, where he speaks of applications of that sub- 
stance, the principles and practice which he men- 
tions are such as sufficiently to explain the in- 
significance of the results. 

I may repeat that I never claimed to have 
been the first to use carbolic acid in surgery. The 
success which has attended its employment here 
depends not so much on any specific virtue in it, 
as on the wonderful powers of recovery possessed 
by injured parts when efficiently protected against 
the pernicious influence of decomposition. I 
selected carbolic acid as the most powerful of 
known antiseptics; but I think it not unlikely 
that my object might have been gained by using, 
on the same principle, some familiar “disin- 
fectant.”. And I may take this opportunity of 
warning some of your readers that they must not 
expect carbolic acid to act like a charm; but that, 
whether they employ this agent or some other of 
analogous properties, it is only by the light of 
sound pathology, and strict attention to practical 
details, that they can hope to attain in their full 
measure the magnificent results which the anti- 
septic treatment is capable of affording. 

I am, Sir, Yours, etc. 

Joseph Lister. 
Woodside Place, Glasgow, Oct. 5, 1867. 


P.S. October 6th. I have today received a letter, 
of which the following is a copy, from a gentle- 
man personally unknown to me. He seems to have 





Surgery 


June, 1961 


had no difficulty in distinguishing between the 
mere use of carbolic acid and the practice which 
I have recommended. J. L. 


Abbey street, Carlisle 
Oct. 5, 1867 
Sir, 

I have the honour of being a graduate of Edin- 
burgh. Having obtained my degree in 1866, | 
visited the Paris hospitals during the whole of last 
winter session, spending my time entirely in hos- 
pital practice and operative surgery. I witnessed 
many of the capital operations, besides three cases 
of ovariotomy (which proved fatal). I think it 
my duty to say that, during my stay of six months, 
I never saw anything approaching to your treat- 
ment of wounds, etc., with carbolic acid. 

The majority of surgeons used for dressing 
wounds, etc., “acide phénique,” “aromatic lotion,” 
and tincture of arnica. The acide phénique was 
a very weak solution of carbolic acid, such as has 
been used in our hospitals for a long time to wash 
wounds, etc. The aromatic lotion resembles our 
“red lotion,’ and the tincture of arnica is like 
our Pharmacopoeia preparation (in full strength 
I never remember seeing any other lotion used, 
but have often seen various kinds of our common 
ointments applied at some of the hospitals. The 
dressing of wounds, etc., was very slovenly, and 
the indiscriminate use of the means was still worse. 
A handful of charpie was taken from the basket, 
and dipped in acide phénique one day, and 
applied to the wound, etc., and next morning the 
process was repeated with aromatic lotion, or 
arnica, and so on. I need not say the results ap- 
peared to me most unsatisfactory. 

I have taken the liberty of communicating these 
facts, and trust you will excuse me doing so; be- 
cause, since my return from Paris (four months) 
I have seen your treatment applied in the clinical 
wards, Edinburgh, with the best results. I shall 
be happy to furnish you, if necessary, with the 
names and addresses of eight fellow-graduates who 
can bear testimony to the facts I have stated. 

I am, Sir, yours obediently, 

Philip Hair, M. B. 


Lister’s chagrin at having his treatmenc 
misunderstood was further expressed on Oct. 
13, 1867 in a letter to his father: 


I quite agree with what they say about perfect 
candour in a discussion of this kind. But the truth 
is I never thought of such a thing as any merit 
attaching to happening to be the first to apply 
carbolic acid, whether to a sore, a wound, a frac- 
ture, or an abscess. Various antiseptic lotions have 
long been in use in surgical practice, and as soon 
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as the antiseptic powers of carbolic acid became 
known, it could not be but that many surgeons 
would try it, as they had tried other antiseptics. 
Supposing that I had made the experiment with 
other antiseptics in ordinary use, say chloride of 
zinc, I really think it likely I should have got 
very much the same results, had I gone upon the 
same principles. But the treatment would have 
been just as much a new treatment. And sup- 
posing I had afterwards learnt that some other 
surgeon had previously dabbed a preparation of 
chloride of zinc upon one or two compound frac- 
tures, but upon an entirely erroneous principle 
and so as to lead to no practical result, this would 
not at all have interfered with my originality in 
the plan of treatment. 

In giving an account of the matter in my first 
paper in The Lancet, I told the story just as it 
happened: and it so happened that I had not 
heard of carbolic acid being used in surgery 
previously. I had only seen it mentioned as a 
deodoriser of sewage. But I certainly never 
thought of this as a matter of the slightest moment 
and never intended to be so rash as to claim that 
I was the first surgeon who had in any way tried 
it. It was the principle and method of its applica- 
tion that were new. The case of abscess illustrates 
the thing very well. The novelty of my treatment 
of abscess is not in the least affected by the fact 
that some French (and even English) surgeons 
had used carbolic acid dissolved in water as a 
lotion to inject into abscesses with a foetid dis- 
charge, to diminish the odour, etc. Accordingly, 
till The Lancet in that leading article stated the 
matter so strongly (though after all not untruth- 
fully, for they semed to refer then more to the 
principles of using the acid than to the mere 
use of it) no one took any offense. Persons who 
have visited the Infirmary here, well aware that 
carbolic acid had been used before in surgery, 
have been quite satisfied of the novelty of the 
practice which I showed them. In the vacation I 
received a letter from a Birmingham surgeon tell- 
ing me that he had long used carbolic acid in 
his practice, but never, as he said, on such 
scientific principles, and asking for some informa- 
tion as to particulars, and saying I should be 
pleased if I saw how often he ordered injured parts 
to be dressed “A la Lister.” . . . 


Lister was not exactly kind to Lemaire 
in this letter, for he implied in the first 
paragraph that those who had antedated 
him in using carbolic acid had done so with- 
out rational intent. This, as the facts indi- 
cate, was not quite correct in Lemaire’s case. 
Perhaps his major deficiency was in his not 
being as eloquent or persistent as Lister. Be 
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that as it may, Simpson and others, who had 
hitherto tried to vilify Lister by becoming 
unsolicited partisans for Lemaire and had 
made little headway in this direction, 
changed their maneuvers and let loose a 
salvo intended to put a stamp of opprobrium 
on the use of carbolic acid altogether. Ex- 
emplifying Simpson’s cavilings was a lengthy 
discussion entitled “Carbolic Acid and Its 
Compounds in Surgery,” published by him 
on Nov. 2, 1867 in Lancet. The first para- 
graph sets the tone of the attack: 


The communication on the antiseptic properties 
of carbolic acid which Professor Lister published 
in The Lancet of the 21st of September was 
originally read by him at the meeting of the British 
Medical Association in August last at Dublin. In 
the discussion which followed, Dr. Hingston, the 
able and accomplished Professor of Surgery in the 
McGill College of Montreal, stated to the Surgical 
Section that, in travelling last summer over the 
Continent, he had found that the use of carbolic 
acid in surgery was now being discontinued in 
places where formerly it was in vogue; while in 
Great Britain he had seen it poured into and over 
the surfaces of recent amputations and other 
wounds, in the form of a fluid ointment or com- 
bined with oil, in a way which recalled to his 
mind the olden and reprehensible system of dress- 
ing with some foreign body the whole raw sur- 
faces of recent wounds—a practice that was fol- 
lowed two or three centuries ago, and which he 
fondly imagined was forever banished from 





scientific surgery. 


While they were suggesting plagiarism, 
the anti-Lister forces seemed to have some- 
thing of an upper hand; however, criticism 
of the use of carbolic acid for antisepsis was 
a tactical blunder on their part. In the sub- 
sequent deluge of reports favoring Listerism, 
foes such as Simpson, Tait, Bantock, and 
von Bruns (“Fort mit dem Spray!’’) were 
silenced. Lucas-Champonniére, probably the 
staunchest of Lister’s disciples, was French. 

Just as Lister cannot be considered the 
first to use carbolic acid for antisepsis, 
Lemaire cannot be credited with having been 
the first to discover it. Perhaps “demonstra- 
tion” would be a more cogent term for his 
achievement than “discovery,” for the two 
are not synonymous. As stated by the late 
Professor Charles Singer:* 
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There is, in truth, no such thing as a method 
of discovery. It may come to one man after im- 
mense systematic analysis, to another by analogy, 
to a third as a sudden thought or vision, to yet 
another even as a dream, and in a hundred other 
ways. There is a method (or methods) of scientific 
demonstration, but that is a different thing from 
discovery. It is demonstration that is the basis of 


science. 


What should concern us is that in future 
accounts of the genesis of the antiseptic 
principle, due recognition and homage be 
accorded to Jules Lemaire. This would in 
no way detract from the eternal debt of 
gratitude which surgery and mankind owe 


to Lister. 


Questions of priority, it has been stated some- 
where, have but a mediocre interest. We are not 
of this opinion. In truth, that an inventor be 
named A or B, that is of minor importance to 
pure science; contrariwise, it is of great im- 
portance, from the point of view of morality and 
justice, to render to each one what is due him.? 


6. 


“I 


10. 
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Editorial 


Conducted by 1. 8. RAVDIN, M.D., AND J. GARROTT ALLEN, M.D. 





Can vagotomy be safely performed in conjunction 


he employment of definitive surgery 
in the form of subtotal gastric resection for 
certain cases of acute perforated duodenal 
ulcer is now widely accepted. This more 
radical approach has been made _ possible 
through advancements in surgical technique, 
improvements in anesthesia, and through a 
better understanding of pre- and postopera- 
tive management. Indeed, the mortality rate 
after resection for acute ulcer perforation by 
experienced personnel has closely paralleled 
the rate associated with elective resection. 

At various surgical meetings and in per- 
sonal correspondence, the question is fre- 
quently raised as to whether or not it is 
advisable to carry out subdiaphragmatic 
vagotomy in association with gastric resec- 
tion or pyloroplasty in the presence of an 
acute duodenal ulcer perforation with its at- 
tendant intraperitoneal soilage. Is it safe to 
open the peritoneum overlying the esophagus 
and thus expose the posterior mediastinal 
contents to contamination? Has mediastinitis 
been known to follow this surgical ma- 
neuver? 

As far as can be determined from a search 
of the literature and from personal inquiries, 
the cases of mediastinitis after vagotomy 
have almost invariably occurred in elective 
operations as a result of operative trauma to 
the esophageal wall with accidental perfora- 
tion and leakage, usually unrecognized at 
te time. Thus, the objection to the employ- 


827 


with resection for the 
acute perforated 
duodenal ulcer? 


ment of vagotomy in the presence of ulcer 
perforation may actually be more _theo- 
retical than real. 

During the past few years, in a personal 
experience with approximately 30 patients 
with acute perforated duodenal ulcer treated 
by immediate vagotomy and antral resection 
and with a smaller number of similar pa- 
tients treated by immediate vagotomy and 
pyloroplasty, no death or apparent infection 
of the posterior mediastinal compartment 
has resulted. The amount of gastric and 
duodenal spillage encountered at operation 
in each case varied from a minimal amount 
to an estimated maximum of 1,000 ml. In 
several instances there were extravasated 
gastric contents present in the left upper 
abdominal quadrant and around the peri- 
esophageal region. Of course, a complete 
toilet of the upper abdomen was performed 
prior to incision of the peritoneum overlying 
the esophagus. The time interval between 
the onset of symptoms suggestive of per- 
foration and surgical treatment varied from 
6 to 24 hours, with the majority of patients 
being operated upon in under 12 hours. Cul- 
tures of the extravasated intraperitoneal con- 
tents failed to demonstrate bacterial growth 
in each instance. The postoperative course 
among this group of patients did not differ 
significantly from that of patients who had 
been subjected to elective vagotomy with 
antrectomy. It should be emphasized, how- 
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ever, that this small series represented a se- 
lect group. Each patient was judged to be 
a good surgical risk, each had experienced 
previous ulcer symptoms, and none had evi- 
dence of septic peritonitis at the time of 
laparotomy. 

If the patient with an acute perforated 
duodenal ulcer is deemed a suitable candi- 
date for an immediate definitive operation, 
it is believed that vagotomy can be per- 


Early cancer 
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formed without additional risk in conjunc 
tion with gastric resection or pyloroplasty 
Needless to say, the operative procedur 
should be attempted only by those with ex 


perience in gastric surgery. 


J. Lynwood Herrington, Jr... M.D. 
Edwards-Eve Clinic 

2001 Hayes Street 

Nashville, Tenn. 


Early. In a time or position near or comparatively near the beginning of a period 


or a series. 


In its more general use, early applies to that which has not yet 


reached a point far from the beginning of any division or period of time. 
Webster's New International Dictionary of the English Language 
G. & C. Merriam Company, Publishers, Springfield, Mass., 1931 


ducational and public health activities 
directed at controlling cancer and improving 
survival rates are mainly concerned with 
early diagnosis and treatment. Attack the 
cancer when it is early, we are counseled, 
and thus improve the chances for cure. 
Through press, radio, and forum, the public 
is urged to seek medical advice as soon as 
certain detailed symptoms and signs are 
noted, in order to facilitate early diagnosis. 
After treatment is instituted, nothing con- 
soles the distraught patient and his family 
so successfully as the physician’s assurance 
that the tumor was diagnosed and treated 
while it was still in its early stage. In terms 
of cancer, the word “early” has acquired a 
significance quite apart from its precise 
definition. 

If the clinician were to be asked what he 
understands by the term “early cancer,” 
the answer would probably be “a cancer of 
small size.” If he reflects a bit, he may add 
“which by tests available to us has not yet 


metastasized.” Rarely will he suggest that 


an early cancer is a cancer which has reached 
a stage not far from its. initiation. Neither 
the criterion of size nor of metastasis is 
necessarily equated to the concept of time 
implied by the term “early.” When is a 
cancer “small? Who can state the limits 
of smallness in millimeters? A “small” cance1 
of one organ, such as the breast, may be a 
large cancer of another, such as the skin. 
A malignant melanoma of small size may 
prove to be more rapidly fatal than a sig- 
moid cancer of large size. Although attempts 
have been made to correlate dimensions of 
tumors of particular organs, the breast for 
example, with survival time, the conclusions 
are suspect because of the multiplicity of 
variables other than size that influence sur- 
vival. Every observer can cite examples of 
some tumors of small size that were more 
rapidly fatal than some tumors of large 
size which involved the same organ. Al- 
though some cancers of long duration are 
larger than some cancers of short duration, 
there is no certainty that patients with the 
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former will survive for a shorter period than 
will those with the latter. Size and earliness 
are not so highly related as to invoke the 
conclusion that all cancers of small size are 
therefore early cancers and have a better 
prognosis than all cancers of large size 
(which are therefore late and have a poor 
prognosis ) . 

The absence of clinically manifest me- 
tastasis is likewise unrelated to earliness in 
the biology of cancer. Unapparent metas- 
tases may already have occurred, even 
though the cancer is of small size and of 
short known duration. Alternatively, cancers 
of large size and long duration are not by 
virtue of these qualities necessarily dissemi- 
nated cancers. We do not know at what 
phase in the life cycle of cancer metastasis 
occurs, or if it occurs at any specific phase. 
Metastatic cells may become disseminated 
concurrently with the initiation of cancer, 
or at a later stage in its development. It is 
logical to postulate that cancer is initiated, 
grows locally, and at some subsequent phase 
in its growth disseminates unless it is re- 
moved before this phase is reached. This is 
a consoling thought and no doubt motivates 
our desire to remove the tumor when it is 
“early,” that is, before it has metastasized. 
But biologic processes are not ipso facto 
logical processes, and there is as much or 
as little merit to the alternate concept that 
at the time cancer is initiated it simul- 
taneously disseminates tumor cells which 
have the capacity for autonomous growth 
at an indeterminate future time. Evidence 
to support or negate either of these two 
hypotheses is not presently available. Yet 
where articles of faith reflect our attitudes 
toward the unknown, the human mind 
tends to accept the unproved agreeable 
hypothesis rather than the unproved dis- 
agreeable one. 

The practicing pathologist is himself not 
immune to the cult of earliness. The stained, 
brilliantly illuminated slab of tissue which 
he moves dexterously across the field of his 
microscope invokes images in his mind’s 
eye of similar patterns which he himself has 
seen, or which others to his knowledge have 
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described. From his own experience, aug- 
mented by the experience of others, he 
reaches a conclusion concerning the import 
of the configuration, and he summarizes 
this conclusion in an impression, an inter- 
pretation, a diagnosis. In most instances the 
pattern conforms so closely to similar ones 
in tissue from patients whose subsequent 
clinical course is familiar to him that the 
interpretation is valid and free from error. 
Here he stands his ground. This is cancer— 
unquestionably, indisputably cancer. 

But there are other situations in which the 
picture is not so clear, in which the outlines 
are fuzzy, in which the pattern is neither 
day nor night, but dusk. The guideposts are 
obscure, the landmarks are displaced. Is this 
cancer or is it not cancer? Every pathologist 
has found himself in this perplexing dilemma, 
the resolution of which determines — the 
patient’s future. “If I interpret this as can- 
cer, surely it is so early that treatment will 
unquestionably result in cure. If I interpret 
this as not cancer, then I may be denying 
the patient the opportunity for cure while 
the cancer is so early that it is not yet fully 
cancer.” Each pathologist resolves the prob- 
lem in his own way, according to his indi- 
vidual philosophy. Some in this situation 
almost automatically lean on the security 
of a diagnosis of cancer. For if the lesion is 
in fact cancer, and he denominates it as not 
cancer, then the patient’s future is jeopard- 
ized, and recurrences or metastases will tes- 
tify to the pathologist’s error. Alternatively, 
if the lesion is in fact not cancer, and the 
pathologist interprets it as cancer, the patient 
undergoes a needless operation, but life 
itself will be preserved. It is apparent on re- 
flection that a diagnosis of cancer when in 
fact the lesion is not cancer may lead to 
consequences not quite as innocuous as the 
noncommital statement “to undergo a need- 
less operation” indicates. For the treatment 
itself may result in disfigurement, in de- 
rangement of a whole person’s normal 
function, and even in loss of life. 

This approach to the diagnosis of cancer 
has inspired the bon mot that the patholo- 
gist, as well as the surgeon, is often respon- 
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sible for the cure of cancer. Indeed, high 


survival rates in some institutions may be a 


reflection not only of surgical skill, but of 


the pathologist’s inclination to diagnose can- 
cer whenever he is in doubt. Some _ pa- 
thologists announce their own dilemma _ by 
affixing the modifying term “early” to their 
diagnosis. Even this compromise is fraught 
with error, for when precisely does hyper- 
plasia end and neoplasia begin? Moreover, 
there is no certainty that the borderline, 
questionable lesion will inevitably blossom 
into indubitable cancer for, in_ particular 
sites and in particular individuals, time may 


induce regression rather than progression. 


The qualification “early” in this connotation 
| ) 


may only represent an admission of doubt 
and uncertainty. 

If the descriptive term “early” as applied 
to cancer is undesirable, what alternative 


can be offered? The categories of time, size, 
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and hoped-for localization which “early’ 
implies cannot all be embraced in a singk 
term. More general even if more awkward 
phrases should be used to qualify phases ot 
earliness. The “early” tumor without known 
metastases is either ‘“‘small and of short 
duration” or “large and of short duration,’ 
and the “late” tumor without known me- 
tastases is either “‘small and of long du- 
ration” or “large and of long duration.” 
Until we have refined our diagnostic pro- 
cedures to the hoped-for stage in which the 
absence of metastases can be determined by 
biologic, biochemical or biophysical _ pro- 
cedures, “early,” when applied to cancer, is 
a term which thoughtful workers in the 


field will avoid. 


Paul D. Rosahn, M.D. 
New Britain General Hospital 


New Britain, Conn. 
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Quicker anesthesia?/ longer lasting anesthesia*/ no epinephrine needed** / virtually no vaso- 
dilatation* / greater safety® “This combination of properties offers the opportunity of obtaining 
almost instantaneously profound and long-lasting anesthesia, with negligible tissue irritation, 
and without complicating systemic effects of vasoconstrictors.”” 


References: 1. Sadove, M. S., and Wessinger, 0. D.: J. Internat. Coll. Surgeons 34:573, Nov., 1960. 2. Erickson, J. C., I, and 
Hricko. M. J.: Guthrie Clin. Bull. 29:45, 1959. 3. Gordon, R. A.; Kerr, J. H., and Taylor, Russell: Canada. Anaesth. Soc. J. 7:290, 
July, 1960. 4. Sadove, M. S.: New Physician 9:39, Sept., 1960. 5. Young, J. A.: Anesth. & Analg. 39:451, Sept.-Oct., 1960. 


*If desired, epinephrine may be used in infiltration anesthesia for hemostasis. . 
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a pause for reflection... Operation finished. i You sit back and 
relax. Blockain* anesthesia lasted long enough with one small injection so that you 
were easily able to proceed from incision to closure without pause for reinjection. 
Longer anesthetic duration... You did that accurate reapproximation of skin 
edges without distortion from freshly introduced anesthetic. And more, Blockain 
persisted post op.—you had no complaints of uncomfortable splints, dressings or 
tender tissues. Rapid onset, too... You recall that the pre-incision wait was 
avoided. A case to remember: A 78-year-old patient, arteriosclerotic, poor liver 
function with a transcervical fracture of left femur, underwent a one-howr-and-20- 
minute operation, involving internal fixation of the fracture and the placement of a 
Smith-Petersen nail, with one injection of Blockain. Effect of anesthetic: “excel- 
lent.” Onset of anesthesia: “rapid.” Only 60 cc. of Blockain was used. A whiff of 
nitrous oxide was given at the time of actual] hammering, to spare the patient emo- 
tional trauma. There were no side effects. BLOCKAIN, 30 cc., 0.5% (5 mg./cc.). 
Write GEORGE A. Breon & co., 1450 Broadway, N. Y. 18 for additional information. 
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non-cardiologist in the diagnosis and 
treatment of cardiac arrhythmias 


Ready This Month! Phibbs 


THE CARDIAC ARRHYTHMIAS 


A Guide for the General Practitioner 


This new book is a straightforward and unsophisticated 
presentation of electrocardiographic interpretation of the 
more common cardiac arrhythmias. With its help, all 
physicians who are not cardiologists can gain a real un- 
derstanding of the subject and develop confidence in 
their ability to diagnose and treat most cardiac arrhyth- 
mias. Dr. Phibbs’ new book reduces the facts of electro- 
cardiographic diagnosis to a kind of “basic English”: it 
integrates a few, well chosen words with nearly 150, 
large “atlas-type” anatomic drawings and electrocardio- 
graphic tracings like the ones above to clarify the dif- 
ferences between functional and pathological arrhyth- 
mias in a way that has not been attempted before. This 
new book describes the sequence of events in normal 
and abnormal heart mechanisms. You'll find 50 practice 
problems in the back of the book to help you develop 
your skills in interpreting these tracings. 


By BRENDAN PHIBBS, M.D., Casper Clinic, Casper, Wyoming. 
Ready this month. Approx. 128 pages, 63%,” x 9%", illus- 
trated. About $6.75. 


* Answers: 

1. Complete atrioventricular block with multiple ventricular 
pacemakers. 

2. Interference-dissociation with atrioventricular block. 

3. Flutter (3:2 ratio). 
(All tracings shown above appear 30% larger in the book.) 


Order on 30 Day Approval from 


The C.V. MOSBY Company 


3207 Washington Blvd., St. Louis 3, Mo. 
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NEY steroid data from SYNTEX 


™ 
anadrol 
an original steroid 
from Syntex 


reverses the wasting process- 
provides solid weight gain 


Dosa 
ge 9 administration 
dosage is oe 


§ 





t be cons; 

SENsitivit rygued a 

rs Y¥ to mac beyond 
develop, this drug snging 


anadrol ANABOLIC 


oxy retholone, Syntex STEROID 
reverses the wasting process—provides solid weight gain 


e Anadrol stimulates nitrogen retention 

with 4 times the potency of methyltestos- 

terone.* 

¢ Anadrol produces solid weight gain, not this preparation for use in: 


transient fluid retention. Geriatric debilitation Convalescence 

. ‘ - from infection 
¢ Anadrol is half as androgenic as methyl- Chronic underweight Gentnatibinatinad dtuaiien 
* 





testosterone. Pre- and postoperative General catabolic 


conditions conditions 


° ¢ yme e) is lower i : ei 
Anadrol (oxymetholone) is lower in Seeentonite Malnutrition 


virilization.* 





e Anadrol, because of minimal side effects, 
is ideally suited for prolonged therapy. 


e Anadrol is indicated for use in malnutri- 
tion and a wide range of catabolic disorders 


marked by a negative nitrogen balance. are adrol “yp 
*As determined in man Sins 


(2-hydroxymethylene-1 7ar-methy!-17B-hydroxy-3-androstanone) 
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Greater Economy... Efficiency 












i 


‘32- Personal SAFE: Reduce the danger of cross-infection. 


Patient ECONOMICAL: Eliminate time-and-labor expense 
, of autoclaving hospital-prepared sets. 
Protection 


A new line of CONVENIENT: Pre-packed, compact: can be 


labor-saving disposables : itiac j ili a 
involving mass daily stored in quantities in floor utility rooms —ready 


routines. for immediate use when and where needed, 
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DISPOSABLE PREP SET + Multi-Cupped Tray + Razor (with 
blade) « 2 Absorbent Towels « 6 Cotton Balls » Plastic-Coated 
Towel « Plastic Cover 














STERILE DISPOSABLE RUB- 
BER CATHETER «+ New low 





price! - All purpose—com- STERILE DISPOSABLE CATHETERIZATION SET - Contains: 
bines the desirable features New All-Purpose Rubber Catheter for use where 14 or 16 
of the Nelaton and Robinson French is desired - Multi-cup Plastic Tray - New Plastic 
style catheters - May also be Specimen Bag with Identification Tag - Davol Lubraseptic 
used as aspirating catheter Jelly + 5 Cotton Balls + Plastic Gloves » Plastic-Coated Towel 


* Fenestrated Towel + Tray Cover 


For complete information please write on your Professional or Institutional letterhead to: 


DAVOL RUBBER COMPANY PROVIDENCE 2, RHODE ISLAND 
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for deep hypothermia 


CIRCULATING ICE WATER ASSEMBLY 


for use with Brown-Harrison 

































Blood Heat Exchanger Assembly 


When body temperatures below 20°C. are desired 
during extracorporeal circulation the stainless steel 
#600 Bucket Unit provides the simplest means of 
supplying circulating ice water (O0°C.) through 
the Brown-Harrison Blood Heat Exchanger. A 
simple valving system changes the circulation of 
water through the exchanger jacket from blended 
tap water to ice water supplied by this compact 
cooling unit. 





Ordinarily one bucket of crushed ice is sufficient 
to cool even the largest patient to the lowest de- 
sired temperature. 


e Heavy duty centrifugal pump e Valves, fittings and bibs for 


Our brochure describing (output of 7-8 gals. per min.) hose connectioris included. 
technical details, acces- . 
sories and price listings @ Sealed explosive proof 1/8 h.p. © !2 qt. stainless steel bucket 


sent on request. 115 v. 60 cycle AC motor. seats into stainless steel stand 


on casters. 


NOW-GREATER EFFICIENCY 
FOR USERS OF BROWN-HARRISON 


BLOOD HEAT 
Exchanger Assembly ~ 


New addition used with present unit great- 
iy improves heat transfer efficiency and con- 
siderably reduces the blood filling volume 
(from 175cc to 11Scc.). 


Specially molded nylon filler rods are 
slipped into each exchanger tube at the time 
it is prepared for autoclaving. Abolishes 





central streaming effect . . passes blood 
through each tube of uniform optimum 
thickness. Improved heat transfer efficiency Right photo—Complete Brown-Harrison Blood 
graphs available upon request. Heat Exchanger assembly with single ex- 


changer. Left photo—Two exchangers as- 
sembled in parallel. 





distributed by 
3 ‘ , ; . 
Write for brochure and price list on exchanger filler 
ward laboratories rods. Filler rods come with new purchases of Brown- 


7470 E. Markham Avenue Harrison Blood Heat Exchanger Assembly. Price $15 
P. O. Box 2305 Durham, N. C. per set. 
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in Ob-Gyn practice: prevent bacterial insult 
to traumatized cervicovaginal tissue 


FURA 





brand of nitrofurazone 
a safe, single agent with singular benefits 
From a recent study reporting the lowered inci- 
dence of postoperative morbidity following the use 
of Furacin Vaginal Suppositories in operative 
gynecology—“Certainly a single agent is to be pre- 
ferred to a combination of agents, providing com- 
parable results are obtained.”* 


June, 1961 


Used before and after cervicovaginal surgery, de- 
livery, radiation therapy and certain office proce- 
dures, FurAcIN controls infection, hastens healing, 
reduces discharge, malodor and discomfort. 
FURACIN VAGINAL SUPPOSITORIES: FuRACIN 0.3% 
in a water-miscible base. Box of 12, each 2 Gm. 
suppository hermetically sealed in yellow foil. 
FURACIN CREAM: FurRACIN 0.2% in a water-miscible 
cream base. Tube of 3 oz. with plastic plunger-type 
applicator. 

Grimes, H.G., and Geiger, C. J.: Am. J. Obst. & Gynec. 79:441, 1960. 


—\8 


EATON LABORATORIES 
Division of The Norwich Pharmacal Company (Gen 
NORWICH, NEW YORK 
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CATHETERS 
& ENEMAS 


Catheters and enemas may be highly use- 
ful postoperatively and postpartum, but 
they are capable of serious drawbacks. 


PATIENTS often dislike and fear such in- 
strumentation, sometimes even more than 
the surgery or delivery that preceded it. 


PHYSICIANS are mindful of the frequent 
risk of infection following catheterization, 
despite the most painstaking techniques. 
The passage of a sterile catheter into the 
bladder may introduce pathogens, since 
the urethra is not always sterile nor can it 
be readily sterilized. 


NURSES find that catheterization and the 
administration of enemas require consid- 
erable time, which might be advantageously 
employed for other nursing procedures. 





everyone is relieved when 


URECHOLINE. 


Bethanechol Chloride 


replaces catheters and ‘enemas 


RELIEF FOR THE PATIENT...Prophylactic use of URECHOLINE soon 
after surgery or childbirth may prevent painful urinary retention and 
abdominal distention. Therapeutically, URECHOLINE facilitates mic- 
turition and defecation by inducing muscular contractions of the 
bladder and intestinal tract— without subjecting patients to the dis- 
comfort of catheters and enemas. 


RELIEF FOR THE PHYSICIAN...By obviating instrumentation, 
URECHOLINE eliminates the danger of infection that may follow it. 




















RELIEF FOR THE NURSE...Prophylactic and therapeutic use of 
URECHOLINE makes scarce nursing time available for other purposes. 


Dosage: Dosage must be individualized. The usual oral. dosage is 10 to 30 mg. 
three or four times daily. The usual subcutaneous dose is 5 mg. (1 cc.), 


Supplied: Tablets, 5 and 10 mg., botties ‘of 100. injection, 5 mg. per ce., 
ampuls of 1 cc. : 


Additional information on URECHOLINE is available to physicians on request. 


"& DOHME, pivision oF MERCK & CO.,-INC., WEST POINT, PA. 


URECHOLINE IS “A TRADEMARK OF MERCK & CO., INC. 















from the leader in cardiac resuscitation 


instrumentation 





CARDIAC 
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new pre-eminence 









in the prevention, 
detection and 


automatic treatment 
the Electrodyne 
PMS-S 


Proudly we present our latest and most refined instrument 
for the prevention, detection and automatic treatment of 
ventricular standstill through the application of efficacious 
electrical impulses through the intact chest or directly to 
the heart. 


Engineered for unexcelled. valuable time-saving simplicity 
of operation, only Electrodyne offers an instrument of this 
type. Monitoring heart action visually and audibly, it in- 
stantly signals Cardiac Arrest and automatically provides 
external stimulation. Any Cardiac Arrhythmia is instantly 
recognizable on the highly visible large 5” Electrocardio- 
scope which presents a continuous display of the electro- 
cardiogram. 


Please write for an informative file of technical specifica- 
tions on this and other fine Electrodyne equipment. 


of Cardiac Arrest 


®@ Only Electrodyne offers an 
instrument of this type. 


@ Full 5” electrocardioscope 
for greater visibility, 

® Simplicity of operation, 
functional appearance. 























Electrodyne Company, Inc. 
165 Endicott Street, Norwood, Massachusetts, U.S. A, 


The reputation of Electrodyne instruments has established leadership in the field of medical electronics for the preventive 
ion and t t of Cardiac Standstill, Ventricular Fibrillation and Cardiac Arrhythmias. 
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°° Instead of a skin surface which is merely 
surgically clean...°” Vi-DRAPE’ Surgical Film 


° provides a surface which is completely sterile. 


“A film of sterile transparent plastic is applied to the field. It 
excludes the skin from the wound as effectively as a surgical 
-Afo\A-Wn => ded LOL o[-5-Mm dal - Wm of-1a- Me ot-lalel-eam Mal-Me laloll-y (0) s Mor- lal ol -Wm-> 44-1ale(-1e mela 
(ol sF-10)-4 10 PMD (0) ¢- Mk od (okt -M- Le lal-ta-1alot-Mee) Mb dl les Mn Come, Zell Lele ME -1e|-4-m 


VA 


“The operative field remains completely sealed off and sterile 
amren €¢-Yat-y of-1a-1alen Mel io) 2-Om dal-Mee) ol-1-10'2-b alela ime) am dal-Me 10) di g-mme) ol-e-hana 
field, including a nearby colostomy or ileostomy . . . adequacy 
0) ih da 1-0) Colote MEI] 0] 0) bmn Con dat-] ml ol-Tadloil)-) aur-le-y-Muael- Am o\-M .7-hceigl ce) 
during the entire procedure.'’3 


1. Pace, Wm. G., M.D.: Am. J. Surg. 100:590, Oct. 1960. Reprint 
sent on request. 

2 Walter, Carl W., M.D.: Disinfection of the Skin. Color- 
sound motion picture, 30 min.-16 mm., sponsored by American 
‘yanamid, Surgical Products Division and Winthrop Labora- 
lories. Showings arranged through either sponsor. 


3. Zollinger, Robt. M., M.D., Pace, Wm. G., M.D., and 

' Reed, M. J., R.N.: A New Transparent Plastic Sur- 

Ly gical Drape. Color-sound motion picture, 17 min.-16 

mm., produced at Ohio State University, Department 

of Surgery. Sponsored by and available for showing 
through Aeroplast Corporation. 

i 


Originators of aids for improved asepsis 


i 


Isolation of the patient’s skin by this 
bacterial barrier protects the surgical 
wound, and the surgeon, from the hazard 
of contamination by the patient’s own 
skin bacteria during the entire 
operation. 


A soft, flexible plastic sheet, Vi-DRAPE 
Film is adhered firmly to the surgically 
prepared field with Vi-HESIVE® 
Adherant, sealing off the skin. The 
incision is made directly through the 
plastic barrier so that protection is 
complete to the wound edge. Elimination 
of skin towels and towel clips affords 
clear visibility of landmarks and easier 
approach. Vi-Drape Film molds to all 
contours, isolating anatomic areas 
difficult to disinfect and previously 
considered impossible to drape 
aseptically.'.** It is impervious to 
bacteria, feces and fluids. Wide 
application of Vi-Drape Film permits 
palpation of remote areas without 
contamination of the operator. Second 
incisions may be made without 

further skin “‘prep”’.?3 


Use of Vi-Drape Film is well documented. 
Please write for reprints. Also, if you would 
like to see its advantages in various specialties, 
our film described at left? is available for 
showing to your professional group. For 
descriptive folder with scheduling form, 

send request to: 


AEROPLAST corporation 


Station A—Box 1, Dayton 3, Ohio 


Vi-Drape® Film, Vi-Hesive® Adherant-Pats. Pend. 
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the Kapp-Beck” 
Serration* 


Another Important Development 
in Cardiovascular Instruments 


by SKLAR 


Patent ductus clamp 
straight or angular 








Satinsky 
vena cava clamp 


These Sklar instruments with the 
new Kapp-Beck Serration have been 
clinically evaluated and found to be 
highly acceptable for all procedures 


in the cardiovascular field. Blood vessel clamp 


large or small curve 
The rounded shoulders of the teeth 
minimize trauma and insure a posi- 
tive grip with gentle pressure of the 








Jaws. | Coarctation clamp 
| straight or angular 


Available through accredited Surgi- 
cal Supply Dealers. 


Ehlar 


LONG ISLAND CITY,N. Y. 


Cardiovascular Instrument Brochure 
available upon request 





2”. 24” al 34” 


*Patent No. 2,796,065 


| 
| 
| 
| Bulldog clamp 
| 
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““Alvo dine sieuumuiiatie 


trademark 
Brand of piminodine ethanesulfonate 


Analgesic potency as great as morphine 
without drowsiness or hypnosis* 











NS 
Ln 


Alvodine, a new and powerful narcotic analgesic, relieves pain as 
effectively as morphine, yet is much safer because it is free from 
the high incidence and severity of morphine’s side effects. Alvodine 
is effective orally as well as parenterally. Alvodine causes almost 
no sedation, drowsiness or euphoria. Respiratory and circulatory 
depression are rare with customary doses; nausea and vomiting are 
uncommon. Constipation has not been reported. 


Preferred agent for specific situations 
Alvodine is especially well suited for postoperative analgesia be- 
cause it permits most patients to remain alert and at the same time 
free from pain. The risk of postoperative pulmonary hypostasis and 
venous stagnation is decreased because the use of Alvodine allows 
patients to be mobilized sooner. 


Alvodine is ideal for ambulatory and semiambulatory patients who 
are in need of strong analgesia. Patients with cancer remain alert 
and can often carry on their normal daily activities when freed of 
pain by oral doses of Alvodine. 


June, 1961 


Dosage: Orally, from 25 to 50 

mg. every four to six hours 

as required. By subcutaneous or 

intramuscular injection, 

from 10 to 20 mg. every four 

hours as required. 

How Supplied: Alvodine tablets, 

50 mg., scored. Alvodine ampuls, 

1 cc., containing 20 mg. per cc. 

Narcotic Blank Required. 
LABORATORIES 


(i New York 18, N.Y. 


Write for Alvodine brochure 
containing detailed information 
on clinical experience, 
addiction liability, side effects 
and precautions. 


*In more than 90% of patients. 
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to watch this type of sa ccumee | 
it is completely safe.” | 
Ruesch; Mcl., Miyatake,S. and Ballinger 













? ia eee” : 
@ From pressure to gravity to pressure with | 
a simple clamp adjustment @ Both hands free. 
to work @ infuses ‘500 cc. of blood in 2 
oe to 5 minutes @ Professional Literature 
eo Available on Request. 2 

> Fenwal Laboratories = Freiiahanl Mass. 






















STRESS FORMULA VITAMINS LEDERLE 





..- POSTOPERATIVELY 


High potency B and C vitamins help meet in- 
creased metabolic requirements after surgery... 
offset stress depletion. Such metabolic support 
with STRESSCAPS can hasten recovery and make 
for a more favorable postoperative course. 
Packaged (30 and 100) in decorative “reminder” jar. 
Each capsule contains: 





Thiamine Mononitrate (B,) . .. 2.1. ee es 10 mg. 
Ribofievin (ia) 2 os 6 ee 10 mg. 
NIMGIRENIGG © ci oa as 100 mg. 
Ascorbic ACIA(G) 62. 662.5.551.545 55, 300 mg. 
Pyridoxine MOI (Ba). so es ev a, 2 mg. 
Vitemin Biss os a i 4 megm. 
Calcium Pantothenate. ...... 0.6045. +5 a0 


Average dose:1 to 2 capsules daily. 

Request complete information on indications, dosage, 
precautions and contraindications from your Lederle 
representative, or write to Medical Advisory Department. 


LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, New York QD 
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Over 15,000 cases of 
surgery for cancer 

of head and neck, lung, 
breast, cervix, uterus, 
bladder, colon and 
anorectum have already 


been performed using 


GioReyeaINien Cie! 


BRAND OF MONOXYCHLOROSENE 


yet not a Single case of human 
toxicity has been reported on 


the use of the drug in the 


Available in units of 
4 X 5 gram bottles 


salers everywhere. recommended concentrations. 


REFERENCES: 


GLIEDMAN, M., GRANT, R., ROGERS, C. AND KARLSON, K. E.: Clorpactin, A. Surgical Adjunct; Tumorcidal 
and Antimicrobial Properties, ‘‘Surgical Forum’ of the American College of Surgeons, Vol. VIII, 1958 


BACON, HARRY E., and BERKLEY, J. L.; Refinements in Prevention of Recurrent Carcinoma Prior to and 
During Resection of the Colon and Rectum; Preliminary Report; J. of the Int'l. College of Surgeons, 
Vol. 30, No. 5, Nov. 1958. 


SOUTHWICK, HARRY W. and COLE, WARREN H.; Prophylactic and Adjuvant Measures in the Treatment 
of Carcinoma of the Colon; N. Y. State Jour. of Med., P. 86-103, Vol. 59, No. 1, Jan. 1, 1959. 


SMITH, ROBERT A., LT. (MC) U.S.N. Clorpactin XCB: Its use in Urology in the Surgical Treatment of 
Malignant Neoplasms; Journ. of Urology, April 1959. 


HEAD AND NECK SERVICE, The University of Texas, M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas: Personal Communication. 


Complete literature and references available upon request. 


Pharmaceutical UARDIAN 
Division HEMICAL 
*Please note that Clorpactin WCS-90 ORPORATION 


is an antimicrobial agent and not for 


use in destroying viable tumor cells. 38-15 30th ST., LONG ISLAND CITY 1, N. Y. 
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GET 
LLG of 


BARD-PARKER 
a Bd | ae = | Bs 


in the puncture-resistant 


Casuly opened package 





CARBON 


SHARP at equal hardness—carbon holds its cutting edge 
longer. 


RIGID the ‘RIB’—exclusive with the B-P RIB-BACK car- 
bon steel blade gives extra rigidity. Rolling a ‘rib’ on 
stainless is difficult and too costly. 


SAFE danger of breakage during surgery is minimized— 
carbon has a greater degree of toughness without em- 
brittlement. 


STAINLESS 


CORROSION Ri ANT will not corrode when subjected to 
a commande period of thermal sterilization. 


ECONOMICAL resterilization of exposed but unused blades 
eliminates ‘discards’—saves costs. 


TIME-SAVING may be attached to handles for emergency 
use in put-ups involving cardiac arrest, tracheotomy, 
paracentesis, or wherever pre-assembly is necessary. ve 


BARD-PARKER BLADES are available: No/#Siordle b-P RIB-BACK carbon steel (6 of one size 
per package) 


B-P RACK-PACK RIB-BACK carbon steel (gross and 
half gross units of one size) 


& ) BARD-PARKER COMPANY, INC. 
BP DANBURY. CONNECTICUT 


A DIVISION OF BECTON, DICKINSON AND COMPANY 


Siorilé -P RiB-BACK carbon steel {individual package) 
B-P stainless steel (individual package) 





BARD-PARKER * B-P * RIB-BACK * RACK-PACK * IT'S SHARP are trademarks 
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a powerful M@ “Jn severe injury or illness 


there is a large increase 


ally to in utilization or destruction of 
spe eifi e th er apy vitamins within the body.” 


McLester, J. S., and Darby, W. J.: Nutritior 
Diet in Health and Disease, Ed. 6, ¢ 
Philadelphia: W. B. Saunders Company, 1952. 





® 


Becotin- 


Specifically designed to assist in 
medical or surgical aftercare 


Becotin-T helps shorten. convalescence by 
restoring normal tissue levels of important 
water-soluble vitamins depleted by the stress 
of severe injury or illness. 


There’s a “‘loading dose”’ in every tablet. 


Each Becotin-T tablet contains: 





Thiamine Mononitrate (B,;) . . . 15 mg. 
Riboflavin (Bz). . ..... =. =. 10mg. 
Pyridoxine Hydrochloride (Bz) . . 5 mg. 
Nicotinamide ....... . .100 mg. 
Pantothenic Acid. . ... . . . 20mg. 
(as Calcium Pantothenate, Racemic) 
Vitamin By (Activity Equivalent) . 4 mcg. 
Ascorbic Acid (as Sodium 
Ascorbate) (C). .... . . .300 mg. 
Liver Preparation and Stomach- 
Tissue Material, Desiccated, 
a fas see * . 2 o 
Usual Dosage: 1 or 2 tablets daily. 
Lilly Vitamins . . . “The Physician’s Line” 
Becotin-T® (vitamin B complex with vitamin C, therapeutic, Lilly) 102514 
Surgery 
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Why do we say Mysteclin-F is decisive in infection? 


) For full information, 
an je S | 
Mysteclin-F 2 so @j 


because...it contains phosphate-potentiated tetracycline 


for prompt, dependable broad spectrum antibacterial action. 


because...it contains Fungizone, the antifungal antibiotic, 


to prevent monilial overgrowth in the gastrointestinal tract. 


Mysteclin-F resolves many respiratory, genitourinary and gastrointestinal infections—as well as such 
other conditions as cellulitis, bacterial endocarditis, furunculosis, otitis media, peritonitis, and septi- 
cemia. It combats a truly wide range of pathogenic organisms: gram-positive and gram-negative 
bacteria, spirochetes, rickettsias, viruses of the psittacosis-lymphogranuloma-trachoma group. 

Available as: Mysteclin-F Capsules (250 mg./50 mg.) Mysteclin-F Half Strength Capsules (125 mg./25 mg.) Mysteclin-F 


for Syrup (125 mg./25 mg. per 5 cc.) Mysteclin-F for Aqueous Drops (100 mg./20 mg. per cc.) 
*Mysteclin’®, ‘Sumycin’® and ‘Fungizone’® are Squibb trademarks. 





i a Squibb Quality — 


By the Priceless Ingredient 









Squibb Phosphate-Potentiated Tetracycline (sumycin) plus Amphotericin B (FUNGIZONE) 
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a new 
J 
Weegee / water-soluble salt 
. of FURADANTIN 


-FURADANTIN 
| SODIUM ~~” 


for intravenous use 





where parenteral medication is indicated 





for treating 


urinary tract infections, such as 


pyelonephritis, pyelitis, cystitis 


for consideration in 


systemic bacterial infections 





’ when indicated 








(COPY OF PACKAGE INSERT) 


FURADANTIN’ 
SODIUN 
STERILE 


For Intravenous Use 


ACTIVE INGREDIENT: Each vial contains sufh- 
cient material to permit withdrawal of 180 mg. 
Furadantin, as the sodium salt. 


Furadantin Sodium is a synthetic antibacterial 
agent, one of the antimicrobial nitrofurans, having 
the following structure: 


CHe—C=0 


N-Na 
Z 


O2N- | | -C H=N-N 
0 ‘NC 


1-(5-nitrofurfurylideneamino)-hydantoin sodium 


INDICATIONS: The antibacterial spectrum of 
Furadantin encompasses gram-negative organisms 
such as E. coli, K. pneumoniae and certain strains 
of Proteus sp., Pseudomonas sp., and Aerobacter 
sp.; as well as gram-positive organisms such as 
staphylococci, streptococci, pneumococci, Clostrid- 
ium sp., B. subtilis. 

Furadantin Sodium is indicated in genitourinary 
infections such as pyelonephritis, pyelitis, cystitis 
and prostatitis, when the oral form is not feasible. 
It is also indicated in systemic bacterial infections 
with the exception of septicemias (bacteremias) 
unless other therapy has failed or until further 
work has demonstrated its activity in this condition 
caused by organisms sensitive in vitro to Furadantin. 


In genitourinary tract infections, peroral therapy 
should replace intravenous when possible. It is not 
intended to replace surgery when mechanical ob- 
struction or stasis is present. 


ADMINISTRATION AND DOSAGE: The crystals 
must be dissolved just prior to use as follows: Add 
15 cc. of 5% Dextrose Injection, U.S.P., or Sterile 
Water for Injection, U.S.P., to the vial of dry sterile 
Furadantin Sodium. Empty the syringe forcefully. 
Shake well to insure complete solution. 
FURTHER DILUTION IS REQUIRED 
BASED UPON THE PATIENT’S WEIGHT: 

Patients weighing over 120 pounds. The recom- 
mended dose is 180 mg. of Furadantin in 500 ce. of 
diluent, twice daily. This is prepared as follows: 
Withdraw the solution of 180 mg. of Furadantin 
from the vial and add it to 500 cc. of 5% Dextrose 
in water, 5% Dextrose in Saline, Normal Saline or 
1/6 molar Sodium Lactate intravenous solution. 


Dec. 1960 


This final solution is to be given by intravenous 
drip at the usual rate. 


Patients weighing under 120 pounds. The recom- 
mended dose is 3 mg./lb. of body weight per day 
divided in two equal doses. This is calculated on 
the basis that when the Furadantin Sodium in each 
vial is dissolved in 15 ce. of diluent, each cc. of 
solution represents 12 mg. of Furadantin. To pre- 
pare the final solution, each cc. of the initial 
Furadantin dilution should be added to a minimum 
of 33 cc. of parenteral fluid. 


CAUTION: In the presence of impairment of 
renal function or acidosis administer Furadantin 
Sodium intravenously with caution as with any po- 
tent antibacterial agent. If employed under such 
circumstances the blood pH, COe content or com- 
bining power and urea nitrogen or non-protein 
nitrogen should be followed closely. 


The occurrence of a few cases of hemolytic anemia 
during Furadantin therapy has appeared in the 
literature.* A small percentage of Negroes and 
ethnic groups of Mediterranean and Near-Eastern 
origin has an intrinsic abnormality of the red blood 
cells. As a result, hemolysis may occur with fava 
beans and certain drugs, such as primaquine. Thus 
it is advisable to closely observe such patients re- 
ceiving Furadantin and to discontinue its adminis- 
tration if there is any indication of this condition 
developing. 


SIDE REACTIONS: If nausea or emesis occur, 
these may be minimized by slowing the rate of ad- 
ministration, or by decreasing the dosage. 
Sensitization occurs rarely in the form of an erythe- 
matous, maculopapular cutaneous eruption or urti- 
caria. This is readily controlled by discontinuing 
treatment. 

Occasionally a patient may show minor side reac- 
tions such as headache or malaise. No stomatitis, 
colitis, proctitis, anal pruritus or renal toxicity, 
have been reported with Furadantin Sodium. 


PACKAGING: Sterile 20 cc. vials, containing one 
adult dose of crystalline sterile Furadantin Sodium 
(equivalent to 180 mg. of Furadantin) . 


CAUTION: Federal Law prohibits dispensing 
without prescription. 


NOTE: DO NOT ADMINISTER INTRAMUSCULARLY. 
DO NOT USE WITHOUT DILUTING. MIX JUST PRIOR 
TO USE. 


* West, M.,and Zimmerman, H. H.: Hemolytic Anemia in Patient 
Receiving Nitrofurantoin (Furadantin), J.A.M.A. 162 :637 (Oct. 
13) 1956. Kimbro, E. L., Jr.; Sachs, M. F.; and Torbert, J. V. 
Jr.: Mechanism of Hemolytic Anemia Induced by Nitrofuran- 
toin (Furadantin), Fed. Proc. 16:312 (Mar.) 1957. 
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Dacron seamless arterial grafts and aortic 
bifurcations are made to the precise specifications 
of Michael E. DeBakey, M.D., and members 

of the Department of Surgery, Baylor University ; 
by the U.S. Catheter & Instrument Corp. 


With these Dacron grafts and our present line 

of Teflon grafts, C. R. Bard now provides the 

most comprehensive line of vascular prostheses 
ever, offering the surgeon one source for the widest 
range of types and sizes...immediately available 
through leading surgical/hospital suppliers. 


For clinical references and technical data, request 
C. R. Bard catalog supplements Teflon 3-R and Dacron 10 
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TRADEMARK (TRIPLE SULFA CREAM-—WF*) 





Against Secondary. Invaders 


in Trichomoniasis In Nonspecific Vaginitis 






FOR 
LOCAL CERVICOVAGINAL 
THERAPY 


White SULTRIN Cream, formerly available 

in. buff-colored Triple Sulfa Cream, 

destroys a wide variety of vaginal patho- 

gens and even helps eradicate “difficult” 

trichomonads by restoring the normal 
vaginal pH. Outstandingly effective in many 
| After Cervical Cauterization, | obstetric and gynecologic conditions, this triple sulfon- In Postpartum Care 
| Cervical or Vaginal Surgery amide cream promotes rapid healing, relieves inflammation, | 
minimizes discomfort, and significantly reduces odor and 
discharge. Supplied: 78 Gm. tube with or without applicator. 

Also available: SULTRIN Triple Sulfa Vaginal Tablets. 





“WHITE FORMULATION 


ACTIVE INGREDIENTS: SULFATHIAZOLE 3.42%, SULFACETAMIDE 2.86%, N' BENZOYLSULFANILAMIDE 3.7%, AND UREA 0.64% 
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